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one coating ideal for all applications. coating which gives outstanding 


protection against strong alkalies may fail completely when exposed acids 


severe weathering. 


order provide complete corrosion protection, the Amercoat Corporation 


ufactures more than completely different products, each formulated give 


maximum corrosion protection for specific applications. new processes 


techniques alter exposures and requirements, Amercoat’s continuing research 


develops new products meet those requirements. Also, advanced research 
testing upgrades and improves existing products maintain maximum protection 


and enduring, maintenance-free life. Amercoat protective coatings, ranging from 


vinyls epoxies phenolics, are tailor-made for long-range protection and 


omy tough applications. 


corrosion resistant, high strength, AMERCOAT No. maintenance coating 
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Both ways—in dollars and actual equipment— 
this refinery “saved bundle” its crude unit heat 
exchange section adopting 

protection program. 


Heat exchange was inefficient and tube life was 
short. Then Corrosion Inhibitor was injected 


into the overhead line ahead the condensers. 


Here are the bundle-saving results: 


Tube bundle life was tripled drastic curtailment 


corrosion. 


Heat savings amounted 6,000,000 BTU’s per 


detergent action. 


Estimated cost heat loss was $96 per day prior 
this loss for only $20 per savings 


nearly times the cost. 


Corrosion Inhibitors are protecting tube bundles, 
and saving bundles money, for refiners all over 

the world. Ask your Tretolite Field Service 

Engineer (the the 


Red for more details. 


*Registered trademark of Petrolite Corporation 


KR-60-5 

CANADA: Petrolite Corporation of Canada, Limited, Edmonton, Alberta 

ENGLAND: Petrolite Limited, 20 Savile Row, London W.1 

VENEZUELA: South American Petrolite Corporation, Hotel Avila, Caracas 
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Now you can get offshore corrosion protection with remark- 
able economy, measured cost per year satisfactory service. 
New Humble RUST-BAN 190, 100% inorganic zinc silicate 
coating, actually reacts with steel form inseparable bond 
with the surface. Because this interaction, RUST-BAN 190 
affords excellent adhesion give you hard, abrasion-resistant 
coating that lasts for years. Underfilm corrosion eliminated. 
Scraping impacts cannot break the coating cause failures. 
And RUST-BAN 190 contains lead, non-toxic and non- 
flammable. For complete information, call your Humble sales- 
man contact Humble Oil Refining Company, Houston, Texas. 
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This Month Corrosion Control 


GAST STEEL IMPELLERS and valves proved 
more corrosion resistant high temperature hot 
water heating system than brass and bronze pumps 
and valves Canada. thorough report the 


ginning Page 


SOME EXAMPLES successful use plastic pipe 
corrosive service are given short article 


Page 14. 


HOW CHEMICAL RESISTANT MASONRY 
used numerous corrosion situations compre- 
hensively covered article beginning Page 18. 
are the numerous types bricks, mem- 
branes and mortars and construction details that 
often make the difference between success and failure. 


WOODS USEFUL CORROSIVE environments 
and some the reasons one wood better than 
another are explained unusually complete 
article. table giving nominal resistance four 
woods list corrosives included. See Page 24. 


“MINIMUM REQUIREMENTS” mean exactly 
that, short discussion the pipeline corrosion pro- 
tection position NACE Technical Committee 
says Page 28. 


MODULAR PANELIZED buildings which can 
quickly erected and quickly taken down for use else- 
where may partial answer the problem 
supplying facilities for America’s burgeoning school 
population. Steel frames are erected concrete 
slab, then enclosed with curtain walls made cor- 
tugated, cored aluminum. Roof panels finished 
with chlorosulfonated polyethylene. More 
Page 38. 


COMPLETE PROGRAMS two short courses 
corrosion control held with NACE coopera- 
tion this summer may found this issue. The 
course Ohio State University concerns the process 
Page 55) and the one West Virginia 
University concerns underground corrosion control 


(See Page 56). 


CURRENT REQUIRED FOR CATHODIC PRO- 
TECTION steel high resistivity environment 
three times the magnitude the corrosion 
NBS researchers reveal be- 


ginning Page 79. Laboratory tests over two 
months soil with 20,000 ohms/centimeter showed 
this. 


WHAT HAPPENS STEEL DOCK which 
cathodically protected? the current applied 
structures likely result ignition hydrocar- 
bons? What are the problems and their solutions? 
Turn Page for the answers. 


ORGANIZATION, FUNCTION and management 
corrosion control organization for 
company are explained man who has had lots 
experience. Some time and money saving tips 
protecting $375,000,000 investment from corro- 
sion damage are given. Turn Page 91. 


EXPLOSIONS CAN AVOIDED autoclave 
testing zirconium alloys with proper precautions. 
Comparisons are made between corrosion resistance 
British and American zirconium alloys Page 99. 


USEFUL PRACTICAL DATA concerning applica- 
tion impressed current and galvanic anode ca- 
thodic protection systems ship hulls and related 
parts are summarized report NACE’s T-3G-1 
Committee Cathodic Protection Hull Bottoms 
Ships. Turn Page 103. 


SAVINGS FROM IMPROVED rectifiers are de- 
scribed for those concerned with the use these 
devices cathodic protection systems. Advantages 
new circuits and control systems are given. See 


Page 105. 


MODELS BOILERS designed operate with 
energy from nuclear reactors make economical test- 
ing materials possible. Some details experiments 
determine the reaction various materials are 
described article beginning Page 111. 


HYDROGEN BLISTERING fluid catalytic 
cracker components was found proportional 
increase the absorber deethanizer. Other 
corrosion problems this type plant are discussed 
and some remedies suggested. See Page 116. 


HOW COLD WORK affects hydrogen absorption 
controlled tests beginning Page 123. 
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COMPLETE 
PROTECTION 
ONE COAT 


Primastic uniquely 


APPLICATION LABOR COSTS 
CUT 50% MORE 
Just one brush spray coat 
gives you the thickness 

and corrosion-control qualities 
multiple-coat systems. 


combines rust-inhibitive 
primer properties 

with catalyzed epoxy 
chemical 


LOW MATERIAL COST 
PER MIL FOOT 


Because Primastic’s 
high total solids and 
moderate price per gallon, 
cost per mil foot barely 
exceeds one cent. 


EXCELLENT CHEMICAL 


MAINTENANCE 
COSTS SLASHED 


Primastic alone 
can solve most 
your corrosion problems 
—even those involving 
severe inorganic and organic 
chemical exposures. 


SIMPLE, 
SAFE APPLICATION 


PRUFCOAT LABORATORIES, INC. 


Main Office Plant: Main St., Cambridge 42, Mass. ital 
New York Sales Office: 42nd Street, 17, special equipment required. 
Warehouses: Orleans—San Francisco—Seattle special application skill needed. 


Flash point exceeds 


WRITE FOR PRUFCOAT PRIMASTIC BULLETIN NO. 
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Why Jump Conclusions Over Theoretical Spark? 


VAST veil silence that hovers 
over the loss explosion the tanker 
Stanvac Japan has been penetrated 
few small voices British corrosion control 
magazines. The tack taken far has been 
defensive, apparently accepting without 
serious objection the premise that the explo- 
sion resulted from some defect the mag- 
nesium anode installation aboard the ship. 
Some off-the-record information coming 
CoRROSION indicates that the belief 
held spark generated when magnesium 
anode fell empty tank was the cause 
the explosion. From what have been 
able learn, may never possible 
ascertain with any certainty that this actu- 
ally was, was not, the cause the ex- 
this true, then, the reported 
hasty removal from tankers magnesium 
anode systems may ill advised, because 
the true cause the disaster was some- 
thing else, false sense security gen- 
erated the removal the anodes. 

Sober reflection casts some doubt that 
there significant danger from magnesium 
anode impact sparks. Admittedly, sparks 
can generated impact between most 
metals, including magnesium. However, 
when the mathematical probabilities are 
weighed the conditions prerequisite 
magnesium impact spark causing explo- 
sion empty oil tank, placing the whole 
blame the anodes seems unwarranted. 

Consider the conditions necessary: (1) 
The gas-air mixture would have 


the narrow range necessary for explo- 
sion. (2) The anode would have fall far 
enough generate sparking energy. (3) 
The resulting spark would have 
magnitude sufficient ignite the mixture. 
The likelihood all these circumstances 
occurring simultaneously remote. 

the other hand consider some the 
other possible causes the explosion: (1) 
Spontaneous combustion the sludge re- 
maining the tank bottoms. (2) Spark 
ignition created the friction tank resi- 
dues moving with the motion the ship. 
(3) Ignition heat generated between faying 
surfaces sliding result ship’s motion. 
(4) Galvanic currents discharging between 
areas the tank different solution poten- 
tials, temperatures, conditions stress. 
(5) Static generated condensation 
moisture the tank. Perhaps there are 
others. 

any case, discuss one point, well 
known that the American Petroleum Insti- 
tute has published extensive studies the 
phenomenon static generated hydro- 
carbon streams certain kinds. Some vari- 
eties hydrocarbons generate substantial 
static voltages when moving through tanks 
and pipes. Numerous fires and explosions 
have been caused these sparks. The ef- 
fect reproducible and predictable. 

not profess know, any more 
than anyone else, what caused the disaster 
the Stanvac Japan. But lay the blame 
magnesium anodes without full justifica- 
tion seems unwarranted and unwise. 
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It’s fact! Now you can buy plastic pipe that’s 
virtually trouble-free! It’s made A-C Pipe 
Compound, super-strong polyethylene resin de- 
signed last years—and actually covered 
manufacturers’ warranties for years more! 
This pipe offers tremendous surge strength and 
complete freedom from slitting pinholing. 
the only plastic pipe available today that 
entirely free from environmental stress cracking. 
Note how this glossy premium pipe shiny 


you can lay plastic pipe and forget it... 
when it’s made Compound 


inside well out! will not rust, rot, cor- 
rode, and has excellent resistance acids and 
alkalies. withstands sub-zero 
lightweight, flexible, easy install. 

Pipe made A-C Pipe Compound assures last- 
ing performance jet wells, water transmission. 
chemical and food processing. N.S.F.-approved 
and nontoxic, it’s suitable for dozens uses 
home, farm industry. For the names manufac- 
turers, for sample test lengths, write today. 


SEMET-SOLVAY PETROCHEMICAL DIVISION 
Dept. 571-BQ, Rector Street, New York 
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Pump and Valve Corrosion 


Hot Water Heating 


Abstract 


Describes corrosion and erosion pump 
impellers and brass valves 
high temperature, high pressure hot 
water heating system in Canada. De- 
scribes the system, failure of components 
and laboratory tests conducted deter- 
mine cause of failures. Gives recommen- 
dations suggested to solve the corrosion 
problem. 4.6.1 


Introduction 

UMP IMPELLERS made leaded tin bronze 
valves high pressure hot water heating sys- 
tem the Shannon Park Central Heating Plant 
Dartmouth, Canada, were found corroding 
badly, One impeller shown Figure had been 
service only one year. Other impellers were reported 

attacked also. 

The Naval Research Dockyard Laboratory was 
asked April, 1954, determine the cause the 
corrosion and make recommendations solve 
the problem. This article describes the examination 
and the recommended solution the Corrosion 
Problem. 


Description Heating System 

The heating system Shannon Park was high 
high pressure hot water system 
which design pressure the boiler was 125 psi. Cir- 
culating pumps raised the pressure 160 psi. Tem- 
perature the circulating water after passed these 
pumps was approximately 345 Steel flow and re- 
turn lines, each about 3500 feet long, supplied heat 
and hot water 521 apartments buildings, 
the system, there were three circulating pumps and 
about 1000 brass valves. Such heating systems, which 
are not common Canada, have been described 
detail 

Hot water supplied three HRT (horizontal 
return tube), 250 horsepower boilers. Make-up was 
only 400 gallons per day, and there was chemical 
mechanical deaeration this make-up water. 
There were economizers. 


Examination the System 
None the steel, stainless steel copper com- 
ponents had undergone appreciable corrosion. Only 
brass and bronze fittings had been attacked points 
high water velocity turbulence. 


Chemical tests were made the circulating water 
on. for presence oxygen and oxygen 
ved was found the Winkler Test and ammonia was 
absent when the water was tested with Nessler’s 
(Continued Page 10) 

ay. paper titled “Corrosion Valves and Pump Impellers 


ina High Pressure Hot Water Heating System” b C. Spurr 
Dockyard Laboratory, Naval Research alifax 
Scotia, Canada. 


1—Pump impeller made leaded tin bronze was corroded 
adly b 
Pp yr ne attack after one year’s service. Figure 2—Impingement attack 
| te for impeller shaft. Figure 3—Cross section view of brass valve body 
q "g impingement attack. Some valves had complete penetration. 


Figure 4—Surface of flange of third gunmetal impeller examined (A) and outer surface (B) of the — 


opposite the area shown in A. 70X 
by-pass regulated in the heating system. 


. Figure 5—Gunmetal impeller after four months’ service with 


Pump and Valve 
(Continued From Page 


Solubility air water such 
high temperature low, but venting 
times were imperfect, bubbles air 
could carried along and might cause 
impingement attack. the system 
designed, the air was periodically vented 
valves from the air bottles which 
were cylindrical vessels welded the 
top the main circulating lines 
number high points where they 
trapped air passed through the 
pipes. 

The the circulating water 
the heating system had been maintained 
about 10.5 11.0 additions 
caustic soda. After addition caustic 
soda was eliminated, the circulating 
water was analyzed. The results are 
given Table with analysis the 
city supply. All results, except pH, are 
reported parts per-million. 

Apparently lowering the caused 
calcium deposit the system redis- 
solve. This was suggested possible 
explanation the high calcium content 
the circulating water. later data, 
when the had again been maintained 
10.5 11.0 for several months, cal- 
cium content the circulating water 
was approximately the same that 
the raw water. Chloride contents the 
waters indicated that there was very 
little loss evaporation. 


When the first examination the 
system was made, the by-pass equipment 
for controlling the temperature the 
circulating water was not operation. 
After thermometers were carefully 
checked and put working order, there 
was gain about the circu- 
lating water passing through the 
pump when the mixing valve was not 
use. 


Component Failures 


Metallographic examination the im- 
peller (Cu/Zn/Sn/Pb/85-5-5-5) and 
failed valve showed layers plugs 
dezincified metal. The impeller (See 
Figure was etched most surfaces 
that had been contact with the water 
though general corrosion. The 


etching was such that grain structure 
the metal was revealed clearly. 

The nut which held the pump impeller 
its shaft (See Figure showed con- 
siderable pitting having appearance 
typical impingement attack. 

This form corrosion usually can 
distinguished from cavitation the 
smoothly rounded bottoms the pits. 
Cavitation produces more over-all 
jagged appearance. The cause im- 
pingement attack are the erosion sur- 
face films the impact air bubbles, 
with the depolarization adjacent 
cathodic areas the oxygen the 
bubbles. Cavitation damage is, according 
the usual theory, the result re- 
peated distortions the parent metal 
mechanical blows struck 
lapsing water vapor 
Though the term impingement attack 
might logically applied the im- 
pingement something other than air 
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bubbles, commonly has been 
this particular phenomenon? 

Several failed brass valves were 
amined. Main types failures yer 
serious deterioration the Seats 
(saw-cuts) and what appeared 
impingement attack the valve 
valves were useless because 
penetration. Degree attack varied 
the system and generally was 
where the water temperature was lowes, 


Preliminary Recommendations 

Recommendations found the 
ture were made solve the problem 
the following ways: 

Lowered circulating water from 
10.5-11.0 

Use other materials place 
brass and bronze for the valves and im. 

Lower temperature the water 
entering the pumps use the mixing 
valve which allowed some the cooler 
return water by-pass the boiler, 

Use corrosion inhibitors the 
above steps should fail. 


Experimental Tests and Results 

After preliminary recommendations 
were, made, the following tests were 
conducted: 

Thirty-day corrosion tests were con- 
ducted circulating water using NDHA 
(National District Heating Association) 
corrosion testers 


Brass Specimens Used 

Brass wire 0.041 inches diameter 
and containing 64.6 percent copper (re- 
mainder zinc) was used for the coils 
which served corrosion 
The test period was days. The aver- 
age corrosion rate for the three coils 
was 0.003 ipy. 


Steel Specimens Used 

Diameter the mild steel wire used 
for test specimens was 0.050 inches. Test 
period was days. The average 
sion rate for the three coils was 0.003 

During these tests the analysis the 
circulating water was approximately 
reported above. The varied from 


(Continued Page 12) 


TABLE Water System Compared with City Water* 


Mid-Point No. End Dartmouth 

Main Line Boiler The Line City Water 
Copper as Cu..... 0.08 0.08 0.08 ~ Not done 
Potassium Not done Not done Not done 
Silica Not done Not done Not done 
Loss ignition Not done Not done Not done 


* All units given in parts per million except the pH values, 
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STEAM CONDENSATE CORROSION: the cause, the effect, and suggested safeguard 


4-D represents the most 
significant development 
the history wrought iron 
was achieved 
substantially increasing 
the deoxidation the base 
metal, slightly increasing 
the phosphorous content 
and using more siliceous 
iron silicate. Result in- 
corrosion resist- 
ance, improved mechanical 
and physical properties. 


Write for new 4-D Wrought 
literature and our special 
report, The Use Wrought Iron 
Steam Condensate Lines. 
Byers Company, Clark 
Building, Pittsburgh 22, Pa. 


WHAT CAUSES STEAM CONDENSATE—Steam, losing its heat, turns moisture 
temperature drops below saturation level. This condensate distilled water, 
greedy for gases. Any gas the steam readily absorbed into this condensate 
cools. The condensate becomes violently corrosive ordinary piping 
materials, depending upon the percentage free CO, plus the steam. 


EFFECT STEAM CONDENSATE PIPE—Carbon dioxide the primary cause 
return line corrosion. Like oxygen, carbon dioxide present all raw waters 
and may enter the boiler with the feed water. Most the carbon dioxide found 
the steam cycle results from decomposition the bicarbonate carbonate 
content the boiler feed water. Build-up insoluble products corrosion— 
particularly smaller lines—may plug the pipe and render useless. Corrosion 
may cause grooving, channeling, pitting, completely penetrating the pipe wall. 


PIPING MATERIAL THAT COMBATS IT—New 4-D Wrought Iron two-com- 
ponent metal consisting high purity iron and iron silicate fibers. There are 
over 250,000 non-rusting glasslike fibers every cross-sectional square inch. The 
purity the iron itself, plus the protection the iron silicate fibers are mighty 
formidable deterrent steam condensate corrosion and its deleterious effects. 


BYERS 4-D WROUGHT IRON 
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10.0 and was usually about 9.5. 
chemicals were added the water. 


Service Tests Impellers and Valves 

Cast Steel. Testing special alloys 
was considered consultation with the 
supervising engineer. Cast steel was used 
because its relative cheapness and 
because cast steel valves originally 
the system were unattacked. impeller 
this metal was put into service 
December, 1954. 

The cast steel impeller and some cast 
steel valves with stainless steel trim, 
tried substitutes for bronze impeller 
and brass valves, were first examined 
after and months’ service respec- 
tively. The impeller was 
condition although some very slight at- 
tack, having the jagged, honeycombed 
appearance typical cavitation damage, 
was visible the pump body. Steel 
valves which had replaced the brass ones 
showed signs deterioration. 

Leaded Tin Bronze. About one week 
before the the cooling water was 
lowered 9.0-9.5 the spring 1954, 
new leaded tin bronze pump impeller 
put into service. examination 
after about five months showed that 
there had been considerable attack 
all surfaces exposed the circulating 
water. The etched appearance noted 
the first pump impeller examined was 
almost eliminated; grain structure was 
not clearly visible, but surfaces showed 
the typical rough appearance metal 
damaged phenomena mechanical 
partly mechanical nature. 

third leaded tin bronze impeller was 
examined after more than one 
year’s service (See Figure 4). Its appear- 
ance was similar the second impeller 
examined. 

After thermometers and mixing valve 
the by-pass were put working 
order, another leaded tin bronze im- 
peller was installed and was examined 
after four During this period, 


Where Other 
Materials Fail... 
duVerre Assures 
Lasting 


the operating conditions were follows: 

Boiler pressure was maintained 
the full design figure (125 psi). 

Temperature the circulating 
water was lowered means the by- 
pass that was approximately 
lower the down-stream side the 
main circulating pump than was just 
before the by-pass, which entered the 
flow ten feet above the pump. 

chemicals were added the 
circulating water. 

After four months under these condi- 
tions except for cold 5-day period 
when the by-pass was not used, the 
hubs, flanges and exterior surfaces 
the impeller vanes did not have the very 
rough surface previously experienced. 
Interior surfaces the vanes showed 
slight indication impingement attack, 
and there was some over-all etching. 
During this test, impeller weight loss 
was 0.20 lb. (Impeller weight was 


Discussion Tests 

Gain water temperature through the 
pump was ascribed condensation 
steam bubbles the higher pressure 
the downstream side with release 
latent heat. This temperature gain, there- 
fore, strongly indicated that damage 
the impellers might caused partly 
cavitation and erosive action steam 
bubbles. Consequently, steps were taken 
evaluate the performance pump 
impeller with the temperature the 
water reduced use the by-pass 
condense steam bubbles before they 
reached the pump. was hoped that this 
temperature reduction would also dis- 
courage boiling the low pressure 
areas the impeller and eliminate any 
cavitation damage that might result from 
the collapse bubbles the high pres- 
sure side. 

Where protective surface films were 
removed mechanical partly me- 
chanical phenomena, corrosion would 
add its share the total damage. Re- 
sults obtained with the NDHA corrosion 
testers and the fact that some areas 
the brass valves were unattacked indi- 


duVerre Stacks Ductwork Destined for 
Leading Chemical Company 


PROTECTION FROM CORROSION 


Verre recognizes that many materials play important part corrosion control. 
However, Verre’s reputation built the effective, lasting performance its con- 
struction under corrosive conditions where other materials have failed. 


Verre fabricates process equipment such ducts, stacks, hoods, tanks, covers 
Resin Bonded Fiberglass. The prime advantage Verre over other materials homo- 
geneous construction. Unlike coatings and linings, Verre gives complete corrosion con- 
trol through and through both inside and out even under severe conditions erosion. 
Verre construction also light weight. This minimizes shipping and erection costs. 


Whatever your corrosion problem, chances are Verre can solve it. are equipped 
for special fabrication suit your process requirements exactly. Write today for Bulletin 


No. 101 for complete facts. 


Verre, incorporated 
Arcade, New York 


Box 


duVerre... First 
in Quality for 
Complete Corrosion 
Control with 
Reinforced Plastics, 
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cated that the corrosion rate was low 
where unaided mechanical 
When the temperature drop through the 
pump was controlled, steam bubble 
would have been eliminated, but not 
bubbles. Water velocities 
remained high. Therefore, impingement 
attack and turbulence probably were 
major factors the corrosion that 
curred during the test when the tem- 
perature drop across the pump was con- 
trolled. 

The rough impeller surfaces Previously 
experienced were prevented 
tion conditions favoring presence 
steam bubbles which probably would 
contain traces oxygen) controlling 
temperature with the by-pass. Lowering 
the temperature water entering the 
pump theoretically would necessitate 
lower pressure the low pressure areas 
the impeller vanes produce 
tion. The fact that lowered water tem- 
peratures eliminated rough impeller sur- 


FOCUS COATINGS 
Five articles coatings will 
featured the June Tech- 
nical Topics Section. wide 
variety coatings topics will 


included. 


faces indicated that conditions resulting 
erosive action steam bubbles and 
possibly cavitation had been eliminated. 

Weight loss from the impeller, during 
the test when the temperature drop was 
controlled, was roughly uniform over all 
surfaces (See Figure 
that under these conditions 
life could expected three times that 
obtained when the by-pass was not used, 
about three years. 

few cast steel valves originally had 
been used the circulating water sys- 
tem close the boilers. These and the 
cast steel valves installed later were 
perfect condition when examined 1958. 
The cast steel impellers also were 
good condition. Life the cast steel 


Conclusions 

Results the plant tests indicated 
that impingement attack and erosive ac- 
tion steam bubbles were major factors 
the corrosion-erosion the impellers. 
Cavitation probably played part. 

Corrosion also played part after 
protective surface films were removed 
phenomena that were mainly me- 
chanical nature. 

Damage brass valves and the nut 
probably resulting from imperfect 
ing air from the system. 

Cast steel impellers and cast 
valves with stainless steel trim have 
been very satisfactory substitutes for 
the bronze impellers 
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TECHNICAL 


TOPICS 


FOR CORROSION CONTROL 


Specify TRUSCON Systems 


When elevated temperatures combine with 
alkali, solvents and other corrosive elements, 
investigate Truscon Chemfast for protection 
your equipment. 


There’s Truscon System for practically 
every corrosive situation found industry 
today, including the severest climatic 
chemical atmosphere. For example, Chem-Bar, 
special acid resistant system comprised 
Rust Inhibitive Primer and Chem-Bar Chlori- 


nated Rubber Finish Coat, specially engi- 
neered for exposure concentrated acids. 
useful preventing inter-coat contamination 
during application, since three coats can 
applied within four-hour period. 


Experienced, factory-trained Truscon per- 
sonnel are ready all times analyze your 
corrosion problems and recommend solution. 
See your yellow pages write Truscon 
Laboratories, Detroit 11, Michigan. 


INDUSTRIAL MAINTENANCE DIVISION DEVOE RAYNOLDS CO., INC., DETROIT 11, MICHIGAN 


Just off the new, colorfully-illustrated 
folder on protective coatings. Presents four basic systems 
for controlling corrosion and gives valuable information 
preparation, application and inspection protec- 
tive coating systems. Write today for your free copy. 
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TRAILERS? 


PROCESS 


PIPING? 


STEEL AND CONCRETE 
PROCESS AREAS? 


GENERATING PLANTS? 


YOUR SOLUTION 


FOR IMMERSION SERVICE WHERE 
HIGH TEMPERATURE, SPLASH, SPILLS, AND 
FUMES ARE SEVERE MANY DIFFER- 
ENT FORMULATIONS FOR WIDE RANGE 
CORROSION PROTECTION ARE 
ECONOMICAL USE. 

PLASITE Cold Set Coatings are formulated 
from high resistant resin combinations 
achieve highest chemical resistance pos- 
sible. 


FOR YOUR 
COPY 


Simplify your select- 
ings. Write today for 
complete bulletins. 


WISCONSIN 


protective 
coating 


corp. 
REPRESENTED PRINCIPAL INDUSTRIAL AREAS 


GREEN BAY, WIS. 


Successful Uses 


Plastic Pipe 


Corrosive 


LASTIC PIPE probably will never 

account for more than small per- 
centage the pipe market, but there 
are almost many varieties plastic 
pipe all other types combined and 
more plastic pipe materials are being 
developed rapidly. 

Polyethylene pipe accounts for over 
percent the market the United 
States. Acrylonitrile butadiene-styrene 
(ABS) and rigid vinyl pipe account for 
approximately percent and percent 
the market respectively. com- 
mercial standards have been developed 
for these types which are available with 
the National Sanitation Foundation’s 
seal approval, indicating that they are 
suitable for conveying potable water. 

Uses plastic pipe range from water 
mains acid and hot oil service. Spe- 
cific types have been developed also for 
high temperature and high pressure 
service. 

Thousands miles plastic pipe are 
giving satisfactory service. More than 
miles schedule 120 Type rigid 
polyvinylchloride pipe being used 
wash down systems Navy 
ships. firm Holland has installed 
over 230 miles rigid vinyl water mains 
and over 30,000 house connections with- 
out major difficulties. Type rigid vinyl 
pipe also was used 15-mile irriga- 
tion system Santa Paula, California. 
This pipe permits distribution liquid 
fertilizers and insecticides with the irri- 
gation water. 

% Extracted from a paper titled ‘Plastics vs 
Corrosion’? by Raymond B, Seymour, Alcy- 
lite Plastics & Chemical Corp., Newhall, 
Cal., (now at Sul Ross College, Alpine, 
Texas) presented at meetings of the San 
Francisco, Seattle and Portland Sections, 
National Association of Corrosion Engineers, 
November 10-12, 1959. 


Make SEA WATER 


SEA RITE SALT 


for CORROSION STUDIES 


oz. Sea Rite Salt crystals 
one gallon tap water produces lab- 
oratory sea water quickly, inexpen- 
sively. Provides uniform, constant 
results based composite an- 
alysis. Immediate delivery any 
quantity. Technical literature 
request. Write, wire, phone now! 


Over thousand miles ABS pipe 
has been used for gas transmission 
Similar pipe used rotary filter han- 
dling acids, ferric chloride and sludge 
operating satisfactorily after years 
service for the Sanitation District 
Chicago. 

England, many miles 
polyethylene tubing have been produced 
for emergency During drought 
1959, one-mile section 
was laid six hours provide the city 
Manchester with additional 500,000 
gallons water daily. 

rigidity essential and high density 
polyethylene polypropylene not 
available, ABS pipe should consid- 
ered. the line permanent, fittings 
can cemented with solvent. Other- 
wise, threaded fittings applied with 
strip polyfluorocarbon should used, 
Despite difficulties associated with join- 
ing, the use low 
ethylene tubing recommended when- 
ever serviceable. 

Spiral wound monofilament rein- 
forced epoxy resin pipe usually can 
liandle high temperature pres- 
sure service. After seven years’ service, 
about percent mat reinforced plas- 
tic pipe still use. For example, 1000 
feet epoxy resin pipe was used 
carry flue gas to a treatment plant ata 
generating station Battersea, England, 
and one mile 40-inch reinforced poly- 
pipe used discharge acid waste 
water Monsteros, Sweden. 

Other case histories show excellent 
service results with nylon pipe hot 
oil service, pipe hot 
acid and solvent service 
nated graphite hot corrosive service. 

Plastic pipe can laid long lengths 
from coils that few fittings are 
quired. Because advantageous 
minimize the number fittings, the use 
low density polyethylene pipe rec- 
ommended whenever possible. 

Solvent welded fittings are strong 
the pipe itself and should used 
ABS and vinyl pipe when the installa- 
tion permanent. Threading plastic 
pipe reduces strength but makes versatile 
piping systems possible. The joints 
made tight inserting strip 
polyfluorocarbon. 

Flanged plastic fittings can solvent- 
welded ABS vinyl pipe and 
cemented reinforced pipe. 
though dissimilar plastics not create 
galvanic cells dissimilar metals often 
do, standardization fittings and valves 
recommended. Despite high 
costs, valves chlorinated polyether 
should considered because they 
resistant almost every corrosive and 
many solvents found the chemical 
process plant. 
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THE 
ANSWER 
YOUR 
CORROSION 
PROBLEMS: 


ATLAC 382 
DIFFERENT 
POLYESTER 


TECHNICAL TOPICS 


Lightweight, sturdy, reinforced plastic equip- 
ment—made with ATLAc 382 Polyester Resin 
may offer efficient, economical solution 
your equipment corrosion problems. This 
unusual resin has maintenance applications, 
too: glass reinforced tank linings and 
materials for repairing cracks and 
holes steel ducts and concrete floors. 


382 special, bis-phenol derived 
polyester which almost universally retains 
higher original strength under corrosive 
conditions than general purpose polyester and 
isophthalic resins. See for yourself—write for 
our new comparative study* the effects 
corrosive chemicals various resins. 

*Presented before the Society of the Plastics Industry, Feb., 1960 


Stopped Hot Acid Corrosion—Cold 


The Heil Process Equipment Corporation, 
Cleveland, used ATLAC 382 this 44” 
glass fiber reinforced exhaust elbow and 
damper for removing hot sulfuric acid fumes 
from continuous strip pickling line steel 
mill. After rugged service, has proved 
strong and completely corrosion-resistant. 


CHEMICALS 
DIVISION 


TLAS 


POWDER COMPANY 
WILMINGTON 99, DELAWARE 
In Canada: Atlas Powder Company, Canada, Ltd. 
Brantford, Ontario, Canada 
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ABSORBER 


Even manufacture problem for 
economical piping components 


Hydrofluoric Acid Manufacture 
CoF., -+ H.SO, = 2HF -+- CaSO, 
Material Requirements 


a; 4 Basis 1 ton anhydrous HF 
Fluorspar (98% CaF.) 3,500 Ib. 
Gah: Sulfuric Acid (96%) 6,400 Ib. 
Electricity 700 KWH 
Fuel 7,000,000 BTU CYCLONE 
Water 70,000 gol. SEPARATOR 


SPAR 


SPAR HOPPERS 


DRY 
FLUORSPAR 
HOPPER CAR 


AUTOMATIC 
SCALE FEEDER 
(SPAR KILN) 


TANK CAR 


NOW LAST, 


Now possible for you pipe your entire corrosive process 
from start finish corrosion-impervious Fluoroflex®-T, 
save you money faster installation, and decreased main- 
tenance, process downtime, replacements, and production 
headaches! 

the proprietary Teflon® product manufactured 
and fabricated solely combines two important 
elements: 

The widely-known corrosion-imperviousness Teflon; 
complete resistance any chemical (except high-temperature 
fluorine and the molten alkali metals) 500°F.! 

Optimum flexibility, density, strength, and flex-life; non- 
porosity and structural all imparted Resistoflex’s 
superior fabrication techniques. 

the kind economies possible, one plant equipped 
with Fluoroflex-T reported savings $60,000 per month 
costs maintenance, downtime, and product loss! 

This addition installation economies. The 


BLED 
SOLIDS STILL 


DISCHARGE 


FUEL GAS 


GENERATOR 


STORAGE 


all your corrosive 
ong-life, 


family corrosion-resistant piping components (see panel 
side) have all been designed for complete couplability and 
hookup ease, complete range sizes fit any flow, 
process, process path. 

you have problems handling corrosive cost, 
equipment maintenance and replacement, process downtime— 
why not talk them over with Resistoflex? they have for 
others, their fully experienced staff engineers and equipment 
specialists may able save you money, time, and headaches! 
Write for Bulletin today! 


Check These Versatile Piping Components 
for Economy, Installation Ease, Long Process Life! 


Fluoroflex-T Lined Steel Pipe: Prefabricated 
lengths, conforming your blueprint specs, with flanges 
and ready assemble. Minimizes assembly time; shortens 
checkout time; suitable for all fluids; complete series fittings 
and connections 
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STORAGE 
FRACTIONATING 
STRONG Lined Steel Pipe TSP 
STORAGE FLUOROFLEX-T —Bellows 
TANK FLUOROFLEX-T —Transfer Hose 
WASTE) FLUOROFLEX-T —Tube Protectors 
FLUOROFLEX-T —Raschig Packing Rings 
{ 
anel Chemical Transfer Hose: Completely resistant corrosion; 
. . . . 
and long flex life; available rubber stainless steel braid 
ow, coverings. The answer all your flex hose problems! 
Molded Bellows-Flex Joints: one million flexings 
ost, without detectable deterioration! Adjust longitudinal and LINED STEEL 
temperature movements, damp out equipment vibrations. 
for Molded rather than machined, their built-in flex-life can add 
ent years the life your piping and equipment! 
Dip Pipes, Spargers, Thermowells: For non-corrosive nozzle 
openings, steam nozzles, instrument wells process equipment. 
Condenser Tube Protectors Eliminate erosion and corrosion 
also: 
Fluoroflex-T Tower Packing Rings: Light weight, durable, CORPORATION 
Corrosion and erosion resistant, these economical Raschig Complete systems for corrosive service 
ens have only one-fourth the weight monel rings! Next Plants Roseland, Anaheim, Calif. Dallas, Tex. Sa/es Offices major cities 
you need tower packing, check these simplify your ®Fluoroflex Resistoflex trademark, reg. Pat. Off. 


tower design, costs, maintenance problems! trademark for TFE fluorocarbon resins. 


AR: 
| 
4 


Abstract 


Briefly discusses types masonry used 
for chemical resistance and kinds of, mor- 
tars commonly used. Presents engineer- 
ing design problems with drainage 
trenches, sumps, foundations, various 
vessels, towers, neutralization _clarifica- 
tion installations and chimneys. Discusses 
operational problems which 
considered in design such as personnel 
indoctrination, changes in plant proces- 
ses, fast maintenance of equipment and 
product quality control. 6.6.5 


OST CERAMIC materials such 
porcelain, brick and silicate ce- 
ments, when used corrosive environ- 
ments, resist these attacks completely 
not all. Such considerations stress 
and intergranular corrosion, weld prob- 
lems, electrochemical corrosion and 
crevice problems are not pertinent. 
Ceramics such porcelain and chem- 
ical stoneware have the recognized dis- 
advantage low resistance thermal 
shock, brittleness and porosity. Fortu- 
nately, some these can 
controlled minimized. For example, 


Use Chemical 


glazing will minimize the porosity prob- 
lem; some ceramics can glazed 
the point having adsorption. 

Physical properties and chemical re- 
sistance most ceramic materials can 
varied changing the contents and 
varying firing processes. For severe 
thermal shock applications, chemical 
stoneware made with high percentages 
silicon carbide. For milder applica- 
tions, fused silica introduced. For 
denser body, grog size decreased. 
some cases where slight porosity 
desired for surface requirements, under- 
firing used effect the change 
physical properties. 

fireclay brick must withstand severe 
thermal shock, the brick made with 
porosities high percent. For 
moderate resistance thermal shock, 
the porosity about percent. 

Physical properties red shale brick 
can varied changing particle size, 
porosity, etc. Generally, this type brick 
used for economic reasons, high den- 
sity and where higher percentage 
iron and more susceptibility thermal 
shock are not important. 

Carbon brick used where excep- 
tional resistance acids, alkalies and 
thermal shock required. Although this 
brick lacks resistance oxidization, 
glazes sometimes can used pre- 
vent it. 

Kinds Mortars 
Silicate Mortars 

Two main types silicate mortars 
are characterized their manner 
setting. one the viscosity raised 
and hardness developed loss water. 


% Revision of a paper titled ‘‘Chemical Resistant 
Construction With Masonry and Ceramics 
from the Chemistry Standpoint, the Engineer’s 
Standpoint and the Operator’s Standpoint,” 
by Robert R. Pierce, Pennsalt Chemical Corp.. 
Natrona, Pa., presented at the 13th Annual 
Conference, National Association of Corrosion 
Engineers, March 11-15, 1957. St, Louis, Mo. 


The second type contains substances 
which react with the silicate solution 
and cause setting action based 
gelation the colloidal silica with little 
loss water during the setting 
action. 

Although many relatively inert mate- 
rials can used fillers matrices 
silicate mortars, quartz commonly 
used because inexpensive and highly 
resistant most acids. Sodium fluosili- 
cate, common setting agent for acid 
resistant mortars, reacts with the so- 
dium silicate solution form gelatinous 
silica which acts the bonding agent. 

These mortars are not resistant 
water because the formation alka- 
line solutions which attack the silica 
bond. For the same reason, these mor- 
tars are not applicable alkaline en- 
vironments. 

sulfuric acid service 
acid dries the brickwork, mortars 
based potassium rather than sodium 
silicate are preferred. One reaction prod- 
uct sulfuric acid with the sodium 


based mortars sodium sulfate which 
can form hydrates, process which can 
result disruptive expansion. 


Sulfur Mortars 

commonly are com- 
posed sulfur, inorganic filler and 
agent interfere with orderly crys- 
tallization. This agent generally 
polysulfide, often referred plas- 
tizer. Small amounts 
can added increase workability, 
retard settling the filler and increase 
tensile strength. 

Although highly resistant strong 
acids, sulfur attacked readily 
strong weak alkalies form sulfides. 
also attacked slowly air, especially 
moist air, form sulfur dioxide and 
other oxygen containing compounds. 
reacts with numerous metals, rather 
slowly with iron and rapidly attacked 
chlorine, anhydrous ammonia and 
many organic solvents. 

Phenolic Resin Mortars 

The phenol-formaldehyde mortars, some 
the oldest commercially used synthetic 
resin types, have good acid resistance but 
poor alkali resistance. The corrosion re- 
sistance resin other high polymer 
dependent three factors: 

Its structure should tight enough 
prevent flow through the molecular net- 
work. For example, water can easily flow 
through uncoated cellophane because 
small molecules the water, but giant dye 
molecules are held back. For corrosion re- 
sistance resin material, the molecular 
holes should small that the corroding 
molecules not flow through. 

Molecular structure should have 
few reactable groups possible, such 
reactive hydroxyls, carboxyls, sulfonic acid 
groups, amino groups, etc. 

Molecular bonds should strong be- 
cause destructive chemical attack accom- 
plished only the breaking bonds. 


This accounts for the remarkable 
ance polytetrafluoroethylene and for the 
chemical stability and lack toxicit 
chlorofluoro-carbon refrigerants, 
like ether linkages, hydrogen 
carbon, fluorine attached 
and carbon attached fluorine 
chemical attack. The good resistance 
carbon-carbon 

Even though tight networks are 
acid hydroxyls formed 
tion phenol with 
points surface attack with alkalies 
phenolic for resistance alkalies 
manufactured partly polymerizing the 
phenolic resin and then using chemical 
reaction convert the acidic 
droxyls non-acidic aliphatic alcohol 
type hydroxyls which are more resistant 
alkali attack. 


Furan Resin Mortars 

The furfuryl alcohol resins generally are 
furyl alcohol and formaldehyde. They have 
good acid and 


the structure dense and there are few 
reactable groups left after polymerization. 


Engineering Design for Masonry 

Most installations chemical resistant 
masonry can designed the following 
five fundamentals: 

The supporting steel concrete 
structure should designed take the 
full load, generally the form tensile 
stress that adequate safety margins are 
allowed. 

most cases impervious interliner 
should used between the supporting 
structure and masonry lining. 
liner withstands the corrosive conditions 
its surface, highest operating tem- 
peratures the inside the interliner 
when the outside air temperature 
highest. 

Chemical resistant masonry should re- 
sist the chemical, mechanical and tempera- 
ture conditions and should thick enough 
provide the temperature drop required 
for the interliner under maximum conti- 
tions. 

Where possible, masonry should 
pression and not tensile stress. Where 
brickwork tension, adhesion and ma- 
terial strength should adequate for the 
maximum stresses. 

Long and high vertical walls where 
temperature, agitation sulfur cements 
are used should bowed and/or pitched 
outward that compression will not tend 
bow the wall inward. 

Drainage Trenches 

Trenches should designed carefully 
with optimum construction ratio the 
width twice the height. Minimum recom- 
mended slope per foot. Width 
inside the impervious interliner should 
such that minimum brick cutting 
required when standard shapes are 
Top edges the wall should designe! 


(Continued Page 20) 
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for containers, pipe lines and equipment, and for interiors 
constantly exposed corrosive media. 


for outside use plants, equipment and machinery where repeatedly 
exposed the action corrosive chemicals for short periods time. 


for plants and steel structures corrosive atmosphere for protection 
against water, steam, corrosive gases and dust. 
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that duct boards can used pro- 
tect personnel. 


Expansion Joints 

Expansion joints should designed 
prevent weak points the interliner over 
expansion joints the concrete. con- 
struction, the lower part the wall should 
installed first and then the floor 
that the floor brick lock the wall brick. 
Experience has led preference for 
properly primed modified oxidized 
asphalt interliner with two layers coated 
glass imbedded the interliner. 


Sumps 

The engineering approach the sump 
almost the same that trenches. 
Where there heavy agitation the 
sump, brick wall thickness should in- 
creased installing two layers 
brickwork place single layer. 
Where the structure rectangular 
square and large sizes and/or high tem- 
peratures are involved, one more the 
following designs should used pre- 
vent any inward collapse 
work: 

Sump walls should bowed outward 
and the bottom dished. 

Walls chamfered that inside di- 
mensions the top are longer and wider 
than the bottom. 

Pilasters used the walls cut the 
length long straight runs brickwork 
and concrete. 

Metal fasteners proper design and 
spacing used join brickwork and con- 
crete. 

expansion and contraction joints 
work. 

Design should considered that the 
sump not physically tied the building, 
thus preventing the passing building 
movements stresses the sump. Where 
the water table above the bottom the 
sump’s base, water drainage must pro- 
vided below the sump bottom during con- 
struction. This will prevent water pressure 
the concrete, forcing the interliner off 
the concrete before the brickwork 
stalled. 


Neutralization Clarification Installations 

Neutralization clarification installations 
differ from sumps size and the need for 
intimate mixing materials such neu- 
tralization agent with acid waste. This 
walls large troughs vessels and agi- 
tators the system keep the sludge 
from settling. such vessels, im- 
portant consider either bowed, cham- 
fered pilastered walls due size. Baffle 
boards should set slots provided 
corbeling the brickwork; 
should greater than inches. the 
lining does not extend high the con- 
crete wall, important flash over 
the masonry lining surface that water 
cannot get between the concrete wall and 
the lining when the vessel empty. 


Chimneys 

Where several thousand cubic feet 
corrosive gases per hour must removed, 
these gases must exhausted high the 
air prevent nuisance. The best con- 
struction for exhaust these gases 
double column with the outer column con- 
structed concrete masonry ap- 
propriate structural design take the wind 
load, sun load and ground movement. The 
inner column should acid masonry con- 
struction handle the acid gases. The 
inner column sometimes set lead 
pan with weep holes drain acid conden- 


Vol. 


foundation. This construction 
place steel stacks for handling 
bustion gases the dew point 


Foundations and Piers 

The method for building 
tions and piers construct the 
shape completely with chemical resistant 
masonry. This design avoids three 
points: shaping interliner 
corners and edges, holding the 
brick sheathing against vibration and jm. 
pact and the sealing the anchor 
holes. the foundation pier 
acid brickwork, the 
liner the concrete floor can applied 
without weak points. The entire block 
There necessity for sealing the 
chor bolt holes. Brick and cement 
chosen for maximum adhesion. 

This composed en- 
tirely acid brickwork can used 
tank supports. the tanks are placed 
top, brickwork can covered first with 
the proper chemical resistant mortar pre- 
mixed with dry ice slow the hardening 
action. The tank then will settle the soft 
cement. Later, when loaded, the mortar 
will have hardened, thus equalizing 

For support tanks which will leak 
great deal, acid brickwork ribs should 
used with heavy slope the acid brick 
floor that spilled material will flow 
readily from between the ribs. 

are good investment for horizontal clyin- 
drical tanks corrosive services. 


Process Vessels 

Process vessels must designed 
mentally resist chemical conditions in- 
volved and stresses due temperature and 
pressure. The vessel and its lining must 
withstand compressive stresses 
coming through maximum 
operating and temperature conditions. 
tangular square tanks must rein- 
forced the outside prevent wall vi- 
brations bulging. Riveted tanks have ob- 
vious disadvantages; welded construction 
almost mandatory. Out-of-roundness 
cylindrical tanks must minimized 
percent the difference between the max- 
imum and minimum diameter any cross 
section along the length high temper- 
ature and pressure vessels. 

Over impervious interliner materials 
can considered for use between vessel 
and lining brickwork. 

Brick lining thickness must sufficient 
lower the temperature the limits 
the interliner when the vessel operating 
when the vessel’s outside temperature 
maximum. The vessel always should 
placed foundations allow air pas- 
sages underneath the interliner will not 
affected accumulated heat the 
bottom the vessel and that the brick- 
work the bottom will not 
into heavy tensile stress the difference 
the coefficient expansion the 
ture and the masonry lining. 

European process vessel design, the 
brick lining commonly 
that always will under compression 
under all conditions, that the linings 
thinner and, many cases, the 
Added advantages are increases 
capacity and maintenance lowered 
point where inside maintenance almost 
eliminated. The first such pre-stressed lined 
vessel was installed this country 
1955. 

simple operation for normal construc- 
tion now practiced this country, 
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brick sufficient. Where heavy 


heavy abrasion high tempera- 
and pressures are present, usually 
courses brickwork are desirable. 
protect the interliner, usually ceramic 
brick linings. Inside diameter 
the inside diameter the 
the outside the vessel should 
protected. 

Storage Vessels. many cases, 
construct large storage vessels 
dry finish chemicals. Design 
generally follow those described 
Plants have found advantage 
tile liner-plated concrete tanks for 


corrosive conditions. One plant 


has built over such vessels holding about 
gallons each. These glazed tile liner- 
inches with several dovetailed 
grooves the back. They can bonded 
the sides special technique and 
chemical resisting mortars with the con- 
crete being poured the outside the 
liner plate. linings 
are used inside cylindrical steel tank with 
about inches portland cement grout 
between the tile and steel. Also large hol- 
low tile used build large silos for 
storage dry chemicals. These are often 
less expensive build than steel con- 
crete vessel. 


Towers. tower construction for gas 
and liquid contact work, vertical stresses 
the lining must considered because 
the height. Other factors tower de- 
sign are similar those for other process 
vessels. possible construct gas con- 
tact towers using double brick wall with 
space between eliminate the steel 
concrete structure 


Operational Problems Considered 
Design 
Several operatienal factors should 
considered when construction with chemical 
resistant masonry being designed. These 
are concerned with personnel indoc- 
changes plant processes, fast 
maintenance and product quality control. 


Personnel Indoctrination 

Possible abuse construction and equip- 
ment operating personnel should 
considered during design. Such abuse often 
can prevented proper indoctrination 
personnel through operating manuals 
some printed instructions. 

example equipment abuse per- 
who were not properly informed 
plant where acid brick 
and mortar sheathing, designed for hydro- 
acid and carbon tetrachloride, was 
concrete pad. This sheathing 
subjected caustic soda and hydro- 
acid resulting fast deterioration. 
Masonry linings tend shrink when 
dry and out use for long periods. 
left dry, these linings into tensile 
and often crack when returned 
They should left full acid 
suitable liquid when not operation. 
Changes Plant Processes 

Often different set chemical and 
conditions are encountered the 
Processes than were anticipated 
pilot plant tests conducted be- 
design and construction. these 
are anticipated and considered 
original design, long range savings 
can made. Examples this are 


below: 


plant operated chimney for boiler 
fuel. The chimney was 
(Continued Page 22) 


TECHNICAL TOPICS 


Life these excited states... 


PUMP 


Highest pump- 
ing efficiency, 
with faultless 
corrosion resist- 
ance. Hard rub- 


finest you can buy 


ber 


THROATED 


toughie 


casing and 


impeller; Has- 
telloy shaft. 


gpm. Bul. 


CE-55. 


Liquids never 
touch metal 
Ace diaphragm 
valves! Rubber 
plastic-lined 
cast iron, 
solid plastic 
bodies. 
6”. Ask for 
facts. 


does the trick 
your 


Fire the 
bucket brigade! 


time for passing the bucket 
when corrosion threatens. With one 
quick decision you put end 
100% these problems. Just 
specify Ace chemical-resistant plas- 
tic piping and rubber-protected 
equipment. The long-term cost 
drop the bucket. American Hard 
Rubber Company’s 108 years 
experience your service. 


High-impact, 
most economi- 
cal for average 
chemicals. 
6”. Screw sol- 
vent welded fit- 
tings. Valves 
2”. NSF- 
approved. Bul. 
80. 


RIVICLOR 


ageless strength 


All-purpose rig- 
PVC. Sched. 
40, 120,% 
4”. Threaded 
socket-weld 
fittings. Valves 
2”. NSF- 
approved. Free 
Bul. 


ACE chemical resistant equipment 


ACE BUTLER, 


See ACE equipment 
Chemical Engineering 
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Chemical Resistant 
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used handle combustion gases with 
stack gas temperature 450 550 for 
years. The chimney was open riveted 
construction with brick lining un- 
known cement, probably fireclay. 
economy move, the fuel was changed 
Venezuela oil containing high sulfur 
content. Some the combustion gas heat 
also was used before discharging the gases 
the chimney. This use heat lowered 
the combustion gas temperature about 
300 which the dew point range. 
The stack lining and upper portion the 
stack’s steel failed one year after the 
fuel and heat change. Steel the top the 
stack was gone completely. Steel under the 
soil the breaching, which was not lined, 


Big 


had shown 3¢-inch thickness the year be- 
fore; after one year the lower temper- 
ature, holes could punched with the 
finger through the steel the breaching 
bottom. 

Intermediates should considered when 
pilot plant research conditions will not 
give full information. For example, plant 
was designed pilot plant work with 
bed salt raw material. Later, when 
solar dried sea salt was used, bromines 
became factor requiring changes the 
masonry. 

Often particular set chemicals and 
temperatures are given the corrosive 
environment. Later found that the in- 
termediate chemicals should have been con- 
intermediates were possibilities addition 
the original alcohol, chlorine 


matter what the conditions... 


Standard Magnesium Anodes provide the 
answer all your corrosion problems! 


Whether the installation 
sandy arid area, swampy 
marsh area, offshore in- 
stallations, there’s Standard 
Magnesium Anode protect 
from corrosion. Standard 
Magnesium High Current 
anodes provide perfect pro- 
tection high resistivity, dry 
soils. Our conventional 
alloy anodes are the most 
efficient anodes available for 
wet and marshy low 
ance areas. 


Whatever the application, 
Standard Magnesium has the 
size, shape and type anode 
the job better. 


Consult one our sales 
representatives for the full 
story write for the free 
booklets shown the right 
which describe 
the Advantages 
High 
Current 
Anodes. 


every few years and should 
for probable changes. The operat 
partment will more flexible 
nal design such that equipment 
able handle acids and alkalies, 


temperature. 
method entitled “Propose 
Method Test for Chemical Resistance 
Mortars.” 
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end product. such factors are not given 
consideration, interrupted production 
high maintenance costs can 


Some process areas typically chang 


Ing de. 


Fast Maintenance 


Special mortars with fast hardening 
5 


times are available which 
fast repairs. Brick used for fast repairs 
should brought inside where they 
warmed room temperature, dried 
cleaned before use. 


Product Quality Control 


Masonry linings can effect product 


ity. Proper use brick sheathings 
cut down dust plating plant and there. 
fore improve the plating. Glazed tile can 
used textile bleach vats prevent 
fraying the cloth when the cloth 
removed. Carbon brick and carbon 
resin mortars can used 
maintain the pure water required 
ern high pressure steam operations. High 
density brick and resin mortar linings are 
used prevent inter-batch contamination 
dye-stuffs operations. 


Improper choice materials can lower 


product quality also. For example, sey- 
eral cases, brick with high 
iron content has been used hydrochloric 
acid systems with high iron contents 
the hydrochloric acid resulting. 


DISCUSSIONS 


Question Robert King, Heil 


ess Equipment Corp., Cleveland, Ohio: 


Why should sodium silicate cement not 
used with sulfuric acid environments? 


Reply Robert Pierce: 


Sodium silicate cements have been used 


successfully for years sulfuric acid 
environments. There are few border line 
areas where other chemical resistant mor- 
tars will more satisfactory than sodium 
silicate cements sulfuric 
ments. Resin type mortars should used 
where the conditions the process will 
alternately acid and alkaline. Resin 
fur type mortars should used where 
crystals are formed the process. 
ous types mortars should 
where the acidity will weak and where 
Resin mortars should used where steam 
will directly impinged brickwork 
surfaces. Potassium silicate mortars which 
not use any fluorides the hardening 
system should used where acid 
will alternately wet and dry 
such chimneys and Gay 
Glover Tower Construction. Resinous 
mortars should used where highly 
agitated abrasive slurries will impinge 
the brickwork. most other conditions 
sulfuric acid work sodium silicate type 
mortars can considered. 


Question Peter Kahn, Metcalf 


Eddy, Boston, Massachusetts: 


standard method available for 
acid resistant cements elevated 


Reply Robert Pierce: 


the present time, test method 
available which can test 
resisting mortars any environment 
This tentative ASTM 
Tentative 
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Abstract 


Discusses certain species of wood that are 
known to resist decay and deterioration. 
Presents qualities of wood that give the 
species resistance to acid and decay. Ex- 
plains role of sapwood and cell structure 
relation usefulness certain species 
in combatting chemical attack. Tabular data 
give resistance of woods to various chemi- 
cals. 6.6.11 


ERTAIN WOODS always have been 
associated with certain uses ever 
since man has been able into 
the forest cut down trees and found 
that some are harder than others, some 
are tougher than others and some are 
prettier than others. 

There long association hickory 
for axe handles, ash for baseball bats, 
rosewood and cocobola for knife handles, 
ebony for piano keys, walnut for gun 
stocks and man chooses the best 
wood for particular purpose and par- 
ticular use. The choice based the 
properties the wood normally has, its 
availability, economy its purchase and, 
most all, the fact that does the 
job for which intended. 


and yellow Douglas fir—all which are 
available commercially reasonable 
cost various grades. 

While this article concerns heartwoods 
these species particularly, must 
borne mind that all contain certain 
amounts sapwood. 

The best grade tank building lum- 
ber clear heartwood tank grade. 
Other grades are often used when the 
clear grades are not available and where 
gases, not liquids, are stored trans- 
ported. When knots, termed the sound 
red variety, are present, they not 
reduce the resistance decay below 
that piece clear lumber the 
same species. 

The term “clear” used here mean 
the piece free from sapwood, not only 
free from knots. This statement should 
understood fully because 
wood any species has little any 
decay resistance. 

Usually, trees the yellow pine va- 
are tapped for turpentine. Trees 
that are not tapped are known the 
trade being unbled that the terpene 
and pich remain the cell structure and 
make the lumber very heavy and com- 


Characteristics Woods 
Used Handle Chemicals* 


Besides the common uses wood, 
certain species and grades these 
species are known resist decay and 
deterioration better than others. Infor- 
mation given here about the lumbers 
now available reasonable cost that are 
suitable job satisfactorily and 
that have structural strength addition 
being highly moderately resistant 
various chemicals, gases and fumes 
that usually are very destructive other 
materials. 

Certain woods used their natural 
form outlast others and also outlast steel, 
concrete and many other construction 
materials the same service. 

Acid and decay resistance wood 
species are function (1) high cellu- 
lose content, (2) high lignin content and 
(3) low pentosan content. The formula 
used generally research laboratories 
predict the relative acid resistance 
species is: 

Cellulose content plus lignin content 
minus pentosan content. The higher 
the resultant figure, the greater the 
resistance. 

Cell structures some woods contain 
natural resistance the form oils and 
resins. These include tank woods that 
are available quantity and quality 
pieces and timbers such size that 
they are economical purchase the 
form necessary for industry. 

Four woods are commonly used 
tank builders: Tidewater red cypress, 
long leaf yellow pine, California redwood 


%Condensation of a paper titled ‘‘Wood as a 
Material of Construction for Tanks, Stacks 
and Engineered Corrosion Resistant Prod- 
ucts” by Arthur P. Pfeil, Arrow Tank Com- 
pany, Buffalo, N. Y. 


paratively dark color. generally 
proved that this very heavy pine from 
unbled trees not much more resistant 
chemical action for general purposes 
than the lumber that comes from bled 
trees what are classified normal 
long leaf pine with weight approxi- 
mately pounds per board foot green. 
The weight unbled pine often exceeds 
per board foot, and pieces 
the unbled pine will not float water. 

Yellow pine the short leaf variety 
fast growing wood with the spring 
growth containing little, any, the 
terpene prevalent long leaf variety. 
This type wood more readily creo- 
soted and impregnated. The open cell 
structure allows the impregnant enter 
and fill it. 

Short leaf pine can impregnated 
creosoted suit variety conditions 
make resistant specific chemi- 
cals just paints and coverings can 
selected prevent retard corrosion. 

Preservatives the creosote type 
have much common with tannins and 
phenolic extractives drawn from 
wood contact with hot water. There- 
fore, the creosote will begin “bleed” 
extracted hot water the 
depth penetration the heat. This 
can determined the manner 
which the piece impregnated, that is, 
whether immersed completely and 
subjected the preservative all six 
sides whether subjected the 
heat one face only. 

short tests with different species 
woods, particularly those such yellow 
pine that contain terpenes, these terpenes 
protect the wood fibers polymerizing 
uniting with the solution which the 
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pieces have been exposed. time this 
action will nullified the 
attack the acids the wood 


Heartwoods Tidewater red Cypress 
and longleaf yellow pine have little need 


for preservatives because both 


oils and terpenes that completely the 
cell structure, making impregnation 


cult even pressure. 

Two good Western woods used 
great success are redwood 
and Douglas The lumber can 
economically supplied clear 
grades. 

Redwood and fir are endowed with 
natural substances their cellular struc. 


ture that enables them resist Your old, 
tion. Redwood has resins and tannins 

the heartwood; Douglas fir has this heavy 
gredient called toxifolin that not only 
also has slight fungicidal properies, surf 

For some chemicals, particularly sul. 

furic acid and sulfur gases, Dougias required; 
preferred because has greater 
tural strength and available large made 


timbers longer length, eliminating the 
need for end splicing. 

The sapwood called alburnam and 
generally light, almost whitish 
color, and grows the outside the 
tree between the heartwood 
cambium and wane. 

most woods, sapwood considered 
inferior and generally not good the 
heartwood. exception white maple 
which might termed all sapwood and 
commands the highest premium. 

piece wood that tight its 
cellular construction resists chemicals 
and fumes with which comes con- 
tact. Because all wood hygroscopic 
certain extent, the less penetration into 
the piece, the longer the piece will last. 

knot the sound red tight va- 
riety found where live branch 
present. While red tight knots have 
piece with such knot should not 
used. Similarly, split shake causes 
wide openings that allow gases liquids 


attack deeper causing premature de- 
good construction. 
when the wood wet and are not 
very detrimental are comple 
sively deep and wide. units are 
fumes, metal banding tie rods keep wall 
the wooden parts together tighly that 
corrosive action confined one side 
the piece only. 
Table shows resistance woods 
various chemicals. gives general 
formation what expect when using 
certain species wood. This chart 
shows that heated liquids attack wood the 
cells more rapidly than cold liquids 
liquids room temperature. 
not expected that anyone but 
specialist wood tank and wood 


cation could properly choose the right 
wood and design unit that would 
satisfactory. Building and fabrication 
wood for corrosion resisting units the 

New wood impregnants being tested 
Arrow Tank Company are classified 
series.* They are acid modified 
phenolic systems alcohol and water 
medium and are cured baking the 
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available from Arrow Tank Co., Inc., 
nett St., Buffalo 15, N.Y. Eight brochures 
specific industries and phases of wood tan i 
also are available. 
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Give 


Your old, rusted tanks can get new life modest cost from 
this heavy, versatile plastic liner. Installation simple, quick 


and requires skilled 


other surface preparation needed; very little down time 
required; fire explosion hazard involved. tailor- 


made fit your tank. 


ank 


AND LONG LIFE NEW TANKS 
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Life 


expensive sandblasting 


Low-Cost Solution for Tank Corrosion 
and Product Contamination Problems 


Suspended from holding ring 
inside the top edge your 
the liner unaffected 
physical thermal shock and 
completely independent 
flexible, laminated 
and neither bonded 
attached the tank. Liq- 
contents the tank not 
tuch the tank. This prevents 
the tank the 
and contamination 
products. 


WRITE THE HOME OFFICE 


Telephone Pasadena, California: 
SYcamore 6-3177 


Write the Home Office 
for name the office distributor 
nearest you 


MOLES IN SLEEVE 
4OR HANGER BOLTS 


TANK OUTLET 


Diagrams show ease installation vertical tank. Method 
used for horizontal tanks similar and just easy. 


skilled labor required. 


The 


Flexi-Liner can made for any 


closed 


other type vertical hori- 
zontal tank. Each liner made 
fit your tank, with proper 
allowance for size and con- 
figuration based our experi- 
ence installing hundreds 
liners all over the nation. Suit- 
able for many corrosives 


temperatures 180 more. 


To: FLEXI-LINER CO., Box 767, 


PASADENA, CALIF. 


Please send complete information about your method pre- 


venting corrosion inside tanks. 


Name 


Street 


State 
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Body of bushing is 
completely encased 
by metal when prop- 
erly installed. “Hex” 


is flush with fitting 


Sandwiched between two 
dissimilar metals, Mayco nylon 
dielectric bushings prevent 
metal metal contact stop 
electrolytic action 

Able withstand pressures 
excess 1000 and tem- 
peratures over 
300°F, Mayco 
dielectric bush- 
ings gain added 
strength from 
clamping action 
surrounding metal. 

Most sizes also available 
with extra-heavy “Hex” fa- 
cilitate use ordinary wrench. 

Couplings and unions also 
available factory equipped with 
Mayco bushings. 


Order Mayco Dielectric Bushings 
from your jobber write to: 


MAY 


BOX 427, GALESBURG, ILLINOIS 


Manufacturers of: MAYCO dielectric fittings 
and MAYCO water softeners and filters 
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TABLE 1—Resistance Woods Various Chemical Solutions 
Condition of Woods After 31 Days Immersion in Cold Solutions* 


(Examined aft 


er 7 days drying) 


Cypress Redwood Yellow Pine Fir 
Caustic Soda S.SB,FSD SS, SB, FSD SB, 

Condition of Woods After 8 Hours Boiling in Solutions* 
after 7 drying) 

Hydrochloric Acid 10% FSD FSD FSD 


conducted on samples 1 x 4x 


physical condition as the baht would be when used for equipment construction. 


described by terms explained in the following key: 


iation Key 
—Brittle 
h —Charred 
FD Fiber Disintegrated 
FSD —Fiber Slightly Disintegrated 
GC -—Good Condition 
MSh —Much Shrunk 
NAC —No Apparent Change 
NG —No Good 
—Softer 


SB —Slightly Brittle 


Sh  —Shrunk 
SS —Slightly Softer 


SSp —Slightly Spongy 

SWF —Slightly Weakened Fiber 
SWp —Slightly Warped 

WF —Weakened Fiber 

Wpd —Warped 


* The table describes the of four varieties used for and are based ona 
report of James K. Stewart, cons sulting chemist to the Mountain Copper Co., Martinez, Calif. 
4 inch in size, seasoned and chosen so as to be ‘nearly as possible in the same 
Results of the tests are 


Tests were 


Woods 
(Continued From Page 24) 

wood temperatures 150 160 

test was made using California red- 
wood and percent sulfuric acid 120 
The solution was violently agitated 
for hours and then left standing for 
336 hours. treated block showed 
shredding, loss wood fiber, 
swelling and only slight softening. 
untreated block showed loss wood 
fiber and severe shredding. 

great importance tank builders 
and users the fact that woods im- 


pregnated will swell contact with 
water but much lower rate. This 
helps keep joints tight. 

There definite trend returning 


wood its high position versatile, 
economical material construction 
resist corrosion. Engineers are again 
specifying heartwood the four prin- 
cipal tank building woods well 
impregnated woods. 


Technical Topics 
included Index 
Technical Topics will included 
CORROSION’S annual index. 
The Topics will included 
the alphabetical subject and 
author index. 
Persons who customarily 
tract Technical Section pages from 
each issue for binding are 
minded that the Technical Topics 
pages should extracted also for 
more complete reference tech- 


nical informaiton published 
CORROSION. 


Service Ma 
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TUBE-KOTE 


RESEARCH 

ASSURES 

SUPERIOR 

COATINGS 

STOP 

CORROSION 

When you specify Tube-Kote, you 
have every right expect far 


Mark Reg. Pat. Off. superior coating. 


Tube-Kote’s outstanding success 
preventing corrosion result 
constant and careful attention 
many details. Ingredients must 
blended within minute toler- 
ances. Preparation the metal 
must carried under strict 
supervision and inspection. Appli- 
cation must made under near 
perfect conditions, and curing 
must precise meet the harsh 
requirements production use. 


Only Tube-Kote has research 
department provide laboratory 
control over every step the 
plastic coating process. Tube-Kote 
research has pioneered the devel- 
opment new and better coatings 
for specialized uses. 


Tube-Kote Research and Superior Methods Bring 
You More Durable Coatings and Faster Service... 
Lower Cost 


P.O. Box 20037 Houston 25, Texas « Branch Plants: Harvey, Louisiana; Midland, Texas | 


jee 


CORROSION 


STEWART* 


When the present technical committee 
structure was created 1954 and the 
related formation committee T-2 
Underground Pipe Line Corrosion was 
accomplished, ready-made project was 
waiting this group. 

Beginning sometime prior this re- 
organization the technical commit- 
tees, correspondence from American 
Standards Association concerning rec- 
ommendations for underground pipe 
protection was initiated. ASA had estab- 
lished various standards, codes, cov- 
ering physical properties piping and 
related structures. 

the problem corrosion preven- 
tion practices, they naturally turned 
the National Association Corrosion 
Engineers for assistance this field. 
result the above mentioned corre- 
spondence and subsequent discussions 
the technical practices committee, 
the chore was delegated T-2 with 
rather concise limitations scope. 

these discussions, where policy and 
ultimate goals attained were aired, 
“MINIMUM requirements” would 
the result and NOT “specifications” 
“standards.” This policy did not stem 
from any hasty ill-chosen desire 
avoid the issue. The 
had formulated codes various physi- 
tices underground gas piping. This, 
compared corrosion prevention meth- 
ods, was relatively simple task. 

field standards material and ap- 


*Sun Pipe Line Co., Beaumont; Chairman 
NACE Technical Unit Committee 2 on Pipe 
Line Corrosion. 


plication had been established like those 

applicable pipe lines and their fabri- 

cation the American Petroleum In- 
stitute and the American Gas Associa- 
tion and other organizations. 

was concluded that NACE should 
establish “minimum 
this field form base 
further design improvements would 
doubtlessly instituted those con- 
cerned with the individual job. 

those familiar with the over-all 
picture, obvious that many good 
reasons support such decision. 

Geographically, the 
quirements vary from almost none 
few isolated areas extreme severity 
others. Numerous methods coating 
with various types materials have 
been used with some degree efficacy 
different sections the country. 
obvious, therefore, that con- 
cise “standard specification” that would 
severely limit the type material and 
application could tolerated ac- 
cepted. Since the science corrosion 
prevention not static art, would 
undesirable place inflexible 
control over its use. 

view the decisions handed down 
from NACE’s Technical Practices Com- 
mittee, T-2 committee’s efforts were lim- 
ited extremely broad coverage the 
subject with ultimate requirement that 
could lived with national basis. 

The “statement” published COR- 
ROSION 1956 and amended Octo- 
ber, 1958 reads follows: 

Underground steel piping transport- 
ing petroleum, gas related products, 
where transversing populated areas 
existing such manner create 
hazard public safety, should 


LET WORK FOR YOU HOURS DAY PROTECT YOUR 


Write or 


OIL WATER STORAGE TANKS AGAINST COSTLY CORROSION 


Coreco protection pays for itself 


phone today for COSTS SURVEYS 
INSTALLATIONS MATERIALS 


Corrosion Rectifying Co., Inc. 


many times. Whether your problem better 
solved by rectifiers or magnesium anodes, our 
engineers have the knowledge determine 
lowest overall installation and operating costs. 
costs you nothing check with Coreco 


engineers. 


DESIGNS 


5310 ASHBROOK 7-6659 
HOUSTON 36, TEXAS 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


coated with protective material 
permanent high electrical 
Such coatings, not compounded 
shall shielded such manner 
negligible damage from 
such stresses. 


Where environment indicates Coating 
set out No. the 
coating should supplemented 
application adequate cathodic 
tection such coated pipe. 


Where question may arise the 
applicability these requirements dye 
existing and long established 
ods, the problem should passed 
the local electrolysis committee for 
study and recommendation. 
ommended that such committees 
composed qualified engineers who 
are cognizant the 
and are free and capable making 
objective decisions. 


study this statement will reveal 
that these “requirements” 
adaptable almost any condition 
environment. Proved practices 
ous localities that are contrary those 
delineated these “requirements” have 
been taken into account 
for. 

Some misunderstanding exists outside 
the T-2 committee concerning 
cations.” should thoroughly un- 
derstood that this report recommen- 


dation 
neither “standard” nor 
tion.” True, some the completed 


recommendations contain 
table material specifications, but these 
are considered “minima” and are com- 
piled such manner include 
several existing varying 
divergence formulation, all some 
Any reference these complete reports, 
printed otherwise, NACE 


is, put mildly, 
misleading. 
date, 


have been completed both asphalt 
and coal tar coating and cathodic pro- 
tection levels. hoped that complete 


requirements shields and 


Once these are completed, 
this project will tendered TPC 
for final disposition. 

The purpose this discussion 
possible the true scope and 
tions this project. this 


aims and final results this effort 


should dispelled. Due lack 
formation, rumors and other trivia, the 
committee has the past been 
jected pressures from various 
aimed toward nullifying its efforts. 
can assure you that such pressure has 
been ignored insofar prosecution 
this assignment concerned. 
Once the complete picture, bri 
outlined here, understood, 
thinking and outright opposition from 


these few sources should 


need for some basic level this 


exists and must met. The 


that 
source such reference the 


has the “know how” and can 
base that can lived with 


industry. NACE that source. Rest 
assured that some organizations, 
reliable guide, easily may turn 
other sources that could bring 


codes extremely difficult, not 


sible meet. 
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bonds vinyls and ofher finishes securely 
affer minimum surface preparation 


Before the development Tygorust was 
frequently necessary sandblast, scrape 
chip rusted surfaces before priming could 
started. Now, with Tygorust, only neces- 
sary wire-brush loose rust and scale—and 
prime. The surface need not even dry. 
Tygorust works equally well damp dry 
surfaces, penetrating through the rust lock 
securely the steel itself. bonds tightly 
clean rusted steel and eliminates underfilm 
goes over firmly adhering old 
paint (excepting bituminous coatings). 
successfully primes damp dry concrete— 


Write for your free The Tygon 
Paint Manual. Its pages contain 
wealth helpful facts. Subjects include: 
Surface preparation; top coating for 
corrosive service; maintaining painted 
surfaces; solutions common spray 
problems; and other subjects equal 
interest, 


tive BOATING! 


fact with its unusual properties makes 
ideal general purpose primer for plant- 
wide maintenance. easy apply brush 
spray and provides economical coverage. 


Tygorust the perfect priming base for 
vinyl-based paints, making them easy 
use ordinary paints. But Tygorust works 
equally well with all other types finish 
coat too. However, for the ultimate cor- 
rosion resistance topcoat Tygorust with 
Tygon Protective Paints. Tygon and Tygorust 
are time-tested team that provide the maxi- 
mum plant-wide corrosion protection. 
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Plastics and Synthetics Division 


TECHNICAL 
= i 


TESTING 


CATHODIC PROTECTION 
SYSTEMS 


THE AGRA HEATER TREATER 
AMMETER provides greater accu- 
racy testing magnesium and 
zinc anodes oil field brines 
because offers resistance 
the protective circuit. Most am- 
meters provide false readings be- 
cause they set resistance when 
hooked into the circuit. When 
removed, voltage increases result- 
ing shorter anode life. The 
AGRA AMMETER air-tight 
and shock resistant and works 
with inexpensive shunts. Con- 
venient leads and easily read 
meter make this the most effici- 


ent ammeter available. 
For further information on this, or on the many other 
AGRA products designed to insure better cathodic 


protection through improved testing techniques con- 
tact your distributor, or write: 


ENGINEERING 
COMPANY 


1537 EAST 10th STREET, TULSA, OKLA. 
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right, are placed under the ballast 


Deck Plates Control 


Brine Corrosion Rail Bridges 


Corrosive brine, coal and drippings from freight cars passing over 
railroad bridges can cause serious maintenance problems preventive 
engineering not Metal deck plates railroad bridges are buried 
beneath the ballast which ties and rails are laid. Thus, the deck 
plates are almost inaccessible, making proper inspection and mainte- 


nance difficult. 


Corrosive drippings from freight cars 
splash onto railroad ballasts, then seep 
through the ballast the metal bridge 
deck. The resulting corrosive attack 
members often severe and rapid, 
requiring new plating protect re- 
place badly corroded deck sections. Be- 
cause the plates are buried beneath the 
ballast and rails, maintenance work 
the plates requires the bridge out- 
for long periods. 


Wrought Iron Deck Plates 

Corrosion resistant wrought iron 
being used for deck plating reduce 
severe corrosion railroad bridges. 
the deck section shown 
above. Fabricated with wrought 
plate, the bridge unit was shipped 
Hawley, Minn., where was placed 
over Highway part Northern 
Pacific Railway Company’s grade sepa- 
ration program. \ 
bridge feet wide and 21% 
long. Wrought iron plates were laid 
steel stringers and welded make 
the bridge floor water-tight and also 
the structure. 


Greater Highway Clearance 

This method construction increases 
floor depth and reducing 
amount fill needed excavation re- 
under the structure. Railroad 
are facing growing need for 
highway clearances for missiles 
and other large equipment being trans- 
Minimum clearance federally 
highways now feet, but 
officials are planning 

iron also being used 
corrosion railroad bridge drain- 
systems. Half-round, perforated 
shown the middle photograph 


drain rain and run-off water which 
has trickled through perforations the 
ballast. This drainage channeled 
sewers beneath the bridge. 


Long Service Life 

Records railroad bridge construc- 
tion show that wrought iron gives long 
service life and has resistance brine 
and repetitive shock and fatigue stresses. 
recent inspection wrought iron 
bridge deck the Atcheson, Topeka 
and Santa Railway Chicago, 
severe pitting was found after years 
use. The oxide coating which had 
formed the metal was adhering 
tightly. cold chisel was required 
chip this coating. 

Another example wrought ‘iron’s 
long service life under corrosive condi- 
tions shown the lower right photo. 
This wrought iron plate sub- 
jected wet ballast and cinders. In- 
stalled years ago the Pennsyl- 
vania Railroad’s main line over Bladens- 
burgh Road Washington, C., the 
plate has retained its original thickness 
despite continuous exposure the 
severe corrosive environment. 


German Conference June 


“Material Problems Chemical Tech- 
niques” will the topic for the 1960 
meeting the Dechema Deutsche Ge- 
sellschaft fur chemisches Apparatewesen 
held June 14-16 Frankfort 
Main, Germany. Subjects included 
are non-metallic protective coatings, elec- 
trolytically deposited metal layers, cor- 
rosion inhibitors and laminated construc- 
tion materials. 


DECK SECTION railroad bridge (top 
photograph) was fabricated wrought iron 
plates limit corrosion caused brine drip- 
pings from freight cars. The plates were laid 
steel stringers and welded make the 
bridge flooring water-tight. Half-round, per- 
forated wrought iron plates (middle photo- 
graph) are placed under the bridge ballast 
drain rain and run-off water which trickles 
through perforations the ballast. Long service 
life obtainable with wrought iron illustrated 
the plate (bottom photograph) which 
was subjected wet ballast and cinder cor- 
Installed years ago, the plate has 
retained its original thickness. 


Turn Page for the 
CORRISION ENGINEERING 
DIRECTORY 


you are providing engineering services. 
for corrosion control, advertising this 
directory will useful you. 
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TITANIUM TUBING within jacket gal- 
vanized steel pipe used for sodium hypo- 
chlorite solution service. The steel pipe conveys 
cooling water reduce the temperature the 
solution the titanium tubing. Steel pipe, 
lower end the connection, normally would 
connect with plastic pipe carry water an- 
other line. 


Titanium Tubes Give 
Good Service With 
Sodium Hypochlorite 


Titanium tubing being used for heat 
exchanger and conveyor handling hot, 
highly corrosive sodium hypochlorite 
the Kuehne Chemical Company, Eliza- 
beth, After three years’ operation, 
the titanium shows effects cor- 

heat exchanger, the titanium tub- 
ing runs water jacket larger 
diameter galvanized steel pipe. The 
sodium hypochlorite solution enters the 
emerges within one degree the input 
cooling water temperature. Feed rate 
for the solution and cooling water 
about six gallons per minute. 

The titanium tubing 
with 0.028-inch wall thickness. The gal- 
vanized steel jacket provides space 
less than between the jacket 
wall and the titanium tube. 

The heat exchanger and conveyor 
tubing each feet long. Tubes are ar- 
ranged three groups four each, 
connected series, and two groups 
six each parallel. Headers are used 
for cross-over end pipe sections. 


The tubing used fabricated from 
Republic Steel’s RS-55 grade, which 
designed for resistance attack 
chloride salt solutions, wet chlorine gas 
and hydrochloric acid concentrations 
percent. 

The sodium hypochlorite solution has 
variety uses: dye stuffs, shellacs, 
bleaching agents, oxidizing agents and 
organic chemicals. also used 
medicine and the textile industry and 
for water purification. 


Corrosion Topic 
For Gordon Research 
Conference July 


The Gordon Research Conferences for 
1960 will held from June Sep- 
tember Two the conferences pos- 
sible interest corrosion engineers will 
June July and July 18-22. 

Physical metallurgy and the relation 
structure and properties will the 
subject the June 27-July conference 
held Kimball Union Academy, 
Meriden, 

Corrosion will the subject the 
July 18-22 conference held Colby 
Junior College, New London 

These conferences were established 
stimulate research universities, re- 
search foundations and industrial labora- 
tories. Informal meetings are held for 
lectures and discussions, 
time given stimulate informal dis- 
cussions among the members each 
conference. 

Attendance application only. Per- 
sons interested attending should obtain 
the standard application form writing 
George Parks, Director, Gordon 
Research Conferences, Department 
Chemistry, University Rhode Island, 
Kingston, 


Microthene Samples 


Sample quantities Microthene, 
finely powdered polyethylene, are avail- 
able from Industrial Chemicals 


FOCUS COATINGS 


4 
will pubi 
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CURTAIN WALL FASTENERS made cadmium plated Types 305 and 410 stainless steel 
corrosion resistance and strength have been designed to cut installation time and costs. 
one end reduces installation time. The fastener replaces three separate fastening steps 


Co., Park Ave., New York 16, 
Powdered polyethylene used for tex. 
tile coatings, drum linings and special. 
ized paper coatings. new plant 
Tuscola, will have yearly capacity 
two million pounds 


Australian Plant Produce 
Plastics Being Built 


Construction has begun $4.5 
lion plant Australia produce Geon 
vinyl plastic materials. Located 
tona, near Melbourne, the plant will 
operated new company jointly 
pany and Chemicals Limited 
Sydney, Australia. Raw will 
obtained from petrochemical operations 
carried other companies the 
area. 


“Plastics Corrosion” 
Conference Theme 


“Plastics Corrosion” will the 
theme regional technical conference 
the Society Plastics Engineers, 
Inc., sponsored the society’s Golden 
Gate Definite dates Noven- 
ber will set later. Additional infor- 
mation can obtained from Wilfred 
Richardson, Rohm Haas Company, 
600 California St., San Francisco Cal. 


Alloy Corrosion Paper 
Given Metal Congress 


“Corrosion High Temperature Al- 
loys” one the technical papers 
presented during the May 9-13 South- 
western Metal Congress and Exposition 
Dallas, Texas. This paper John 
Schley, Haynes-Stellite Co., Kokomo, 
Ill., included the symposium cast- 
ings for high temperature and corrosive 


German Journal Microcards 


Microcard editions three German 
chemistry journals are available from 
the Microcard Foundation, 
Street, N.W., Washington The 
journals are “Annalen der Chemie, 
“Chemische Berichte” and 
Zentralblatt.” 


index appears December. 
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Self-tapping 
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tional methods, according to the manufacturer, Fabricated Products Co., West Newton, Pa. The festenee 
work combination with most materials being used curtain wall construction including 
galvanized steel aluminum sheets. Conventional curtain wall fastening usually requires bolt, 


washer combination fasten the interior sheet the framing, spacer bar hold the 
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research helps you 


TESTING! 


spray. Let test your new material 
our lab show the greater protec- 
tion possible this method. Heavier 
film build, better coverage sharp 
edges, less pinholing. 


spray speeds painting big areas; 
lays full coats fast, with minimum 
spray fog; sprays even heavy materials 
without atomizing air. relatively 
new method you should consider. 


THREE... 


Application urethane foams and 
other plural-component materials 
now practical with simplified De- 
Vilbiss catalyst spray equipment. 
Eliminates problem. Our 
technical experience yours draw 
on. The DeVilbiss Company, 
Toledo Ohio. 


The Presentation Technical Informa- 
tion. Reginald Kasp. 146 pages 
inches, cloth. Second printing, 
1959. The Macmillan Company, 
Fifth Ave., New York 11, Per 
copy $2.50. 

The second printing book written 
read exposition what every person 
should know who occupied with ex- 
pository writing, especially 
writing. The author’s approach 
cipally along the routes logic and 
psychology. 

The chapter headings 
the approach: Functional English, 
functional and literature 
English, choice material, work done 
the person addressed, proper pace, 
what about, making easy un- 
derstand, making easy remember, 
circumlocutions, generalizations, 
meaning what you say, qualifications, 
metaphors and words. 

There useful subject index. 


Symposium Electroless Nickel Plat- 
ing. pages, cloth. November, 
1959. ASTM Special Technical Pub- 
lication No. 265. American Society 
for Testing Materials, 1916 Race St., 
Philadelphia Pa. Per copy, $2.50. 

The nine papers comprising the collec- 
tion were developed into symposium 
Committee B-8 Electrodeposited Me- 
tallic Coatings. Subjects covered are 
history, chemical reactions, characteris- 
tics deposits, processing procedures, 
advantages and limitations, applications, 
test methods, patents and references. 


Marine Corrosion Handbook. 
Howard Rogers. 297 pages, 534 
inches, flexible cloth. January, 1960. Mc- 
Graw-Hill Book Company, Inc., 
West 42nd St., New York 36, 
Per copy, $12.50. 

handbook designed for the 
operating engineers and draughtsmen 
who are not necessarily conversant with 
corrosion theory. The author, formerly 
Corrosion Investigator, 
Ferrous Metals Research Association, 
and now Officer-in-Charge, Naval Re- 
search Dockyard, Laboratory, Halifax, 
notes preface six principal books 
reference which three were pub- 
lished England. 

The material arranged alphabeti- 
cal order beginning with Admiralty Brass 
and ending with zinc chromate. 
tween are hundreds items, considered 
briefly clear prose. There are numer- 
ous illustrations and diagrams, glossary 
corrosion terms (none the 
NACE Inter Society Corrosion Com- 
mittee’s compilation) and alphabetical 
subject index. 

The subject matter, 
pally for the information Canadian 
Royal Navy personnel, oriented exclu- 
sively toward the salt water marine 
environment. 


Marine Boring and Fouling Organisms. 
Dixy Lee Ray, Editor. 536 pages, 
Washington Press, Seattle Wash. 
Per copy, $8.50. 

Thirty-four papers presented sym- 

posium September 1957 the Friday 
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Harbor Laboratories the 
sium, sponsored the 
partment Zoology with the aid the 
Biology Branch the Office Naval 
Research was supported 
nies and organizations concerned With 
the depredations marine anim 
their control. 

The papers are grouped under the 


als and 


headings: Limnoria, and 
Barnacles, considering 


“Cellulases” deals with the characteris. 
tics cellulose materials used 
microbiological 
ganisms that attack it, well insects 
enzymes and like substances, 
The section economics considers 
treating practice, evaluation 
and other data concerning the 
tion wood attack, 
graphed data and extensive tables, 
subject index. 


Decennial Index. 
Experiment Station 
1950-December 1959 (Vol 1-10 
Integral with December 
pages. Texas Engineering Experi- 
ment Station, Texas 
System, College Station, Texas. 


Pipes and Pipelines. Vol. No. Jan- 
uary, 1960. pages and (In- 
cludes “Pipeline Old 
Brompton Rd., South Kensington, Lon- 
don, S.W.7, England. issues, $7. 

magazine devoted all aspects pipes 

and ancillary equipment. 

editorial estimates annual current produc- 
tion tubular goods, pipe footing and 
valves the United Kingdom million 
pounds sterling (about $46 millions). 
The January 1960 issue includes arti- 
cles rubber hose, recent overseas in- 
stallation contracts, The Scottish Gas 
Grid, Testing the Bay 
Pipeline and others. 

NACE’s 17th Annual Conference and 

1961 Corrosion Show will March 13- 

17, 1961, the Hotel Statler Buffalo, 

New York. 


Deadline Set for 
Replacement 


Damaged Copies 


disclaimer responsibility re- 
place lost damaged 


Corrosion has been invoked 
instructions the NACE board 
directors. has been policy 
replace lost damaged copies 
charge without any limit the 


date the issue and claim for re- 
placement. and effective 
June 1960, NACE will replace 
without cost copies 
the claim reaches Central Office 
within days after the date 
issuance. With respect the June, 
issue, for example, claim 
offices not later than August 
honored. 
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RECORD AND REPORT 


farch 

ous and costly enemy metallic structures the method discussed J.H. Morgan 

CATHODIC PROTECTION 

(In- 

Its Theory and Practice the Prevention Corrosion 

illus., 1960, $12.00 

COMPLETE FREEDOM FROM CONTENTS: 

ROSION possible with cathodic protec- Preface 

tion. This precise, authoritative book ex- Figures List Plates 

plains how its analysis the engineering Electrochemistry, Corrosion and Cathodic 

techniques and methods cathodic pro- Protection 

Bay tection. Practical Cathodic Protection Parameters 
Resistivity and Electrode Resistance 

and CORROSION COSTS EVERYONE Sacrificial Anodes 

MONEY, information its prevention Impressed Current Cathodic Protection 


vital, timely interest engineers, 
metallurgists, architects, manufacturers, 
designers short, anyone connected 
with the business metals. 


PROFUSELY ILLUSTRATED, Cathodic 
Protection offers 189 figures and tables. 
The text covers the field completely 
its table contents indicates. 


The Cathodic Protection Buried 
Structures 

Cathodic Protection Sea Water 

The Cathodic Protection Structures Con- 
taining Electrolytes 

Stray Current and Interference Corrosion 

Instruments for Cathodic Protection 

Cathodic Protection Economics 

Index 


ORDER YOUR COPY TODAY 


The Macmillan Company, Dept. 
Fifth Avenue, New York 11, 
Bill Payment Enclosed 


Price subject change without notice. 
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Requirement: metal pipe and tube insure corrosion-free fluid handling 
low initial cost and minimum upkeep 


Key good design: specify low-cost, trouble-free tubular products 


Alcoa Aluminum 


The overpowering volume pipe and tubing needed 
the process industries makes one the biggest single 
material investments most plants. Historically, the 
repair, maintenance and replacement piping systems 
has been too, one the biggest causes alarming 
increase maintenance costs. Both factors make vital 
clear understanding the rather remarkable advantages 
aluminum pipe and tube. 

First all, from cost standpoint, aluminum very 
frequently the lowest cost material suitable for wide 
variety applications moving fluids through plant. 
Consider, for example, the fact that the initial cost alu- 
minum may often average much per cent less 
than that admiralty for identical applications. Even 
greater savings apply when other metals such stainless 
mild steel are compared with aluminum. 

Beyond these initial cost savings, aluminum provides 
significant maintenance benefits. For instance, other 
commonly used metal offers aluminum’s great resistance 
corrosion. And the corrosion resistance for specific 


Process piping of Alcoa Aluminum is shown here in a system designed 
to handle liquid sugar. The natural corrosion resistance of aluminum 
prevents contamination the syrup, insures service life and 
prevents excessive maintenance. Its scavenging action reduces un- 
desired heavy metal contamination, thereby improving the end prod- 
uct. And aluminum’s low friction factor permits fast flow without 
excessive pumping costs. 


Alcoa Alumin 
alloys exposed particular environments can deter. these large 


cumulated over the past 40-odd years, 
tubular forms, gaining the confidence more 
more designers and builders the process 
suggested the aluminum applications described 
these pages. are anxious and 
share their factual knowledge aluminum which 
spires this confidence. They are doing through series 
engineering conferences being held this year 
cities around the country. Your local ALCOA sales office 
will happy furnish details. 
You may also wish avail yourself the body 
literature which describes technical detail the 
known performance characteristics aluminum 
variety process industries applications. Simply fill 
and mail the coupon opposite. 
World wide sales through ALCOA INTERNATIONAL 
INc., 230 Park Avenue, New York 17, N.Y. 


This aluminum pipeline is shown being welded and laid in Lake Mara @ 
caibo, Venezuela. Aluminum—without special coatings—has proved § 
highly suitable for this operation because resists well the 
sive attack the brackish waters the lake. Since coating 
quired, the low initial cost the aluminum has proved significant 
benefit. The light weight of the aluminum pipe speeded laying opere 
tions, and it has no vulnerable coating which would require babying § 
the pipe. 
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New UNISTRENGTH pipe Alcoa now makes 
possible design low-cost welded alu- 

minum lines with uniform bending, bursting 

and tensile strength throughout their length. Rr 
The secret is a reduction in wall thickness 
everywhere but the ends where needed 
to overcome the local reduction in strength , a 
caused by the heat of welding. The result is ee H 
aluminum piping which weighs up to 40% less 


Alcoa Aluminum jacketing keeps the thermal insulation 
deter. these large diameter steam lines fully effective. The light, 
bright aluminum jacketing shields over miles piping 

insulation from rain, snow, dirt and ice while provid- 
ing effective protection against highly corrosive indus- 


Alcoa UNITRACE the light, strong, cor- 
rosion resistant pipe which provides 
steam and product passages in a single 
extruded unit. It has proved an excellent 
way to cut cost and improve the efficiency 
steam traced lines—by eliminating 
costly external steam jackets ineffi- 
cient tracer tubes. Now a new product, 


but provides design strength. 


Alcoa Aluminum heat exchanger tubing is frequently the 
lowest cost material with suitable corrosion resistance for 
a variety of heat transfer applications. Moreover, aluminum 
frequently displays significant extra benefits—as in this 
pair aluminum oil-to-oil exchanger bundles for pre- 
heating vegetable oils. Here, the aluminum alloys have 
catalytic effect on the oxidation of the vegetable oil. 


proved 


» 
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ALCOA 


ALUMINUM COMPANY OF AMERICA 


Alcoa DUOTRACE makes possible the 
same important benefits steam traced 
systems where recirculation is desirable. 
As shown, DUOTRACE provides two trace 
Passages plus the product passage in 
one extruded unit. Flange and Trace Cap 
fittings compatible with conventional pip- 
ing are available for both UNITRACE 
and DUOTRACE. 


Design Note: Consider UNITRACE and 
DUOTRACE as low-cost successors to 
both heat exchangers and preheaters. 


in the process industries: 


0 10197 Aluminum Pipe and Fittings 

0 34-10418 Alcoa Unitrace: Combines Piping and Tracing 
in One Unit 

© 10270 Alcoa Utilitube 

(2 10460 Process Industries Applications of Alcoa Aluminum 

© 20849 Resistance of Aluminum Alloys to Weathering and 
Resistance of Aluminum Alloys to Chemically Con- 
taminated Atmospheres 

(© 20265 Have You Tried Aluminum in Your Refinery? 


Aluminum Company of America, 875-E Alcoa Building, Pittsburgh 19, Pa. 


Please send me the following literature covering Alcoa Aluminum for tubular products and other uses 


20437 Aluminum Alloy Heat Exchangers 
the Process Industries 
0 20272 Aluminum Alloys for Handling High Purity Water 
D0 21090 Resistance of Aluminum Alloys to Fresh Waters 
© 10130 Forming Alcoa Aiuminum 
19416 Brazing Alcoa Aluminum 
(2 10415 Welding Alcoa Aluminum 
0 19051 Alcoa Aluminum Handbook 
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PANELIZED BUILDING SYSTEM used for a gas service station permits rapid construction of a building 
and complete recovery of parts for re-assemble at another site if necessary. Corru 
with aluminum sheet bonded the core for light weight and strength were used. 
square feet, weighed less than two tons and was completed in only five days. Building panels were tested 


CORROSION—-NATIONAL 


ASSOCIATION OF 


to withstand windloads to 80 mph. 


Panelized Buildings May Solve 
Need for More School Rooms 


Buildings that can constructed 
quickly and later dismantled for use 
another location with complete recovery 
building components may 
answer America’s problem school 
classroom facilities. 

Modular panelized building systems 
produced commercially use 
basic panel which composite struc- 
ture combining the function interior 
and exterior curtain wall surfaces. These 
panels act building blocks and can 
adapted for roof and wall sections. 
Panels have core corrugated alu- 
minum for light weight 
Exterior surfaces bonded the core 
can varied specific design require- 
ments the roof and walls. 

schools, the panelized system could 
used build classroom 
where expansion needed quickly. 
needed later another site because 
population shifts, the entire structure 
could dismantled easily 
sembled the new site. 


Panelized building relatively simple. 
After the concrete foundation poured, 
the steel frame erected 
cause steel members are joined 
self-locking system pioneered Ma- 
comber, Inc., Canton, Ohio. Roof and 
wall panels including pre-hung door and 
frame packages are put into place and 
weather sealed calking along spline 
each panel edge. Extruded aluminum 
spline molding can used for external 
sealing instead calking. 

example the panelized building 
the service station illustrated above, 
which was ready for use five days. 
Aluminum sheet for the station was sup- 
plied Olin Mathieson Chemical Cor- 
poration’s Metals Division. Panels were 
produced American Metalcore Sys- 
tems, Inc., Baltimore, Md. 

Exterior skins were given high 
gloss, weatherable surface coating 
glass reinforcement for resistance 
with acrylic lacquer also can used. 


FOCUS CATHODIC PROTECTION 


Six articles various aspects 
cathodic protection operation and 
application will published 
August Technical Topics Section. 
This focus cathodic protection 
SION’s readers’ attention the 
subject and emphasize the out- 
standing performance the maga- 
zine covering the technical and 
management aspects this sub- 
ject. 

The articles published are 
follows: 


Value Corrosion Protection 
Pipe Line Systems—Manage- 
ment’s Viewpoint Harry 
Phipps, Central Pipe Lines Div., 
Mobil Oil Co., Wichita, Kan. 


Suggested Methods and Practices 
Cathodic Protection Coordi- 
nation David Jones, Pacific 


Telephone and Telegraph Co., 
Los Angeles. 


Ten Years Cathodic Protection 
for Large Water Storage Tanks 
Patton, Brown Shoe 
Co., St. Louis. 


Engineering and Design Problems 
Affecting Cathodic Protection 
Lacq Field Well Casings 
Estavoyer, Societe Nationale des 
Petroles D’Aquitaine, Paris, 
France. 

Pipe-Type Cables Protected 
Shunt Resistor System 
deLaneux and Medlock, 
Pacific Gas Electric Em- 
eryville, Cal. 

Novel Distributed Cathode Sys- 
tems Telephone Cables 
Douglas Rosselle, Southern 


Bell Telephone and Telegraph 
Co., Atlanta, Ga. 
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ted aluminum cores 
station had 1300 
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Tests indicate 
should have color stability for 
years. 

Roof panels were finished with chloro. 
sulfonated polyethylene obtain life 
expectancy years with good 
sistance color fading, weather and 
ozone. 


Surfaces 


University Missouri 
Offer Three Paint Courses 


Three special paint and polymer 
courses will conducted this 
the University Missouri School 
Mines and Metallurgy, Rolla, Mo. 

The first course titled “Paint 
Course for Beginners” and will 
June 2-17. The second “Coatings 
Course for Architects, Painting Contrac. 
tors and Maintenance Engineers,” July 
11-15; the third course “Advanced 
Paint and Polymer Refresher 
July 18-29. 

Additional information 
tion blanks can obtained writing 
Wouter Bosch, Missouri School 
Mines, Rolla, Mo. 


Correct Use Materials 
Norwegian Exhibit Theme 


Correct use materials the right 
time and place will the theme ofa 
special exhibition May June3 
Norway. The exhibition arranged 
collaboration with the Norwegian Cor- 
rosion Research Federation and the Nor- 
wegian Industries Development Asso- 
ciation. 

Purpose the exhibition point 
out possible solutions the corrosion 
problems use new principles, 
ern methods and products. 


Catalog Lists Thousands 
Russian Publications 


“Newspapers and Magazines USSR.” 
catalog listing several thousand 
cations issued the Soviet Union has 
been received Central Office NACE. 
The catalog gives the name the publi- 
cations Russian and English, number 
issues per year and the annual sub- 
scription rate. Those 
tables contents annotations 
English are indicated. 


Sea Horse Meeting 


Proposed topics for the annual 
the Sea Horse Institute May 
Wrightsville Beach, C., include 
many corrosion problems. Topics include 
problems related marine 
metals, cathodic protection and metallic 
and organic coatings. 


Pittsburgh Coke Divisions 


Pittsburgh Coke Chemical Company 
has reorganized its structure 
three subsidiary companies and sin- 
gle division. They are Pittsburgh Chemi- 
cal Company, Concrete Pipe Com- 
pany, Green Bag Cement Company and 
the Coke Iron Division the mam 
company. 


ASHRAE Meeting June 


The 67th annual meeting ASHRAE 
(American Society Heating, 
ating and Air-Conditioning 
Inc.), will held June 13-15 Van- 
couver, 


for 


if 
| 
om, 
[z= 
as 
4 
| 
j 1 
= 


RECORD AND REPORT 
Are you aware the tremendous dif- 
ference small amount Unicor can 


longer life, make pipelines and crude units? 


This film-forming, oil-soluble inhibi- 


life 
tor prevents all kinds corrosion. 
and improved performance Wherever Unicor has plated out 
surface, gives protection tanks, ves- 
for pipelines, crude its whether full, part-full 


adding small amount Unicor 


nicor your product—10-20 parts million 
hool —you prevent product contamination, 
profit-robbing corrosion; assure mainte- 


nance full-flow capacity and output. 
atings Furthermore, use Unicor substan- 
tially reduces filter cleaning and replace- 
ments, scraping operations, power costs 
What Unicor does for tanks and 
vriting pipelines also accomplishes crude 
units and other refinery equipment. For 
detailed information, write our 
eme 

igh 
= 30 Algonquin Road, 
Des Plaines, U.S.A. 
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POLYK 
DISTR 


Atlanta, 
Steele 


Chicago, 
Sales 


Cincinnati, 
Hare 


Cleveland, 
The Harco 


Denver, 
Patterson 


Fort Worth 
Plastic Eng 


Houston, 
Cathodic 


Jackson, 
Utility 


Kansas 
Hode 


Kansas Cit 
industrial 


Long Beac 
Barnes 


Memphis, 
assure permanent support for this seawall Lake Michigan, Wisconsin General 
building contractor wrapped his anchor rods Polyken tape. Even with 
abrasive backfill wet cinders and ashes, this builder knows Polyken will 


prevent corrosion and help protect buildings behind the wall. 


Simcoe 


New Orlea 
Gaub 


Harold 


Plainfield, 
Stuart Ste 


San Franc 
Incandesc 


San Franc 
The durable, doubly thick adhesive Phillips 


Polyken tape seals all voids—seals out corrosion 
Find Your 
Nearest Distributor Seattle, 


In The be 
Yellow Pages Pacific 
Louis, 


Tough, long-lasting Polyken Protective Coatings keep air 
and moisture from the metal. And abrasion has little effect. Proc 


Try Polyken your plant. Get complete protection for See your Polyken representative call the Tulsa, 


your pipes, conduits, rods almost anything cylindrical. simply write Polyken, 309 West Jackson Bivd., 
Polyken made inert polyethylene, with unplasti- Chicago Ill. (In Canada, write Polyken, 
Curity Ave., Toronto.) 
cized, non-drying film. The unusually high adhesive bonds 


the coating clean surfaces without primer. 


Maintenance costs are considerably lower than with paint. 
Polyken goes quickly, economically, right from the roll. 
heat, solvents thinners, drying clean-up time. 

And keep mind Polyken’s lower water vapor transmission EXPERIENCED PROTECTIVE COATINGS 
rate, higher electrical insulation resistance and better cold- 
weather handling and durability. 


©1960 The Kendall Company 
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DISTRIBUTORS 


Atlanta, Georgia 

Steele Associates, Inc. 
Chicago, 

Sales Engineering, Inc. 


Cincinnati, Ohio 
Hare Equipment 


Cleveland, Ohio 
The Harco Corp. 


Denver, Colorado 
Patterson Supply Co. 


fort Worth, Texas 
Plastic Engineering Sales Corp. 


Houston, Texas 
Cathodic Protection Service 


Jackson, Michigan 
Utility Industrial Supply Co. 


Kansas City, Missouri 
Hodes Co. 


Kansas City, Missouri 
industrial Engineering Co. 


Long Beach, Calif. 


Memphis, Tenn. 


Minneapolis, Minn. 
Simcoe Equipment Co. 


New Orleans, Louisiana 
Gaubert 


Philadelphia, Pa. 
Harold Davis Co. 


Plainfield, New Jersey 
Stuart Steel Protection Corp. 


San Francisco, 
Incandescent Supply Co. 


San Francisco, Calif. 
Phillips Edwards Electric Co. 


Seattle, Washington 
Farwest Corrosion Control Corp. 


Seattle, Washington 
Pacific Water Works Supply Co. 


St. Louis, Missouri 
Process Equipment Co. 


Tulsa, 
Midwestern Pipe Line Products Co. 


Poluken 


Experienced modern 
PROTECTIVE COATINGS 


& 


Pipe Supply Co. 
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CORROSION EXHIBIT demonstrating the electrical phenomenon corrosion won third place 

the Wyoming State Science Fair Casper for Charles Engstrom Kemmerer, Wyoming. The 

exhibit consisted electrolytic cells using magnesium and carbon anodes and salt water 
electrolyte power small motor. 


Science Fair Exhibit 
Shows 
Electrical Phenomena 


exhibit demonstrating that corrosion 
electrical phenomenon won third 
place the Wyoming State Science Fair 
Casper, The exhibit, pre- 
pared Charles Engstrom, son Mr. 
and Mrs. Louis Engstrom, Kemmerer, 
using magnesium and carbon 
and salt water electrolyte. 

Young Engstrom’s exhibit won honor- 
able mention his Kemmerer junior high 
school fair and second place the Green 
River (Southwest District) Science Fair. 
was interested preparing exhibit 
with this theme after seeing article 
concerning “corrosion motor” 
which operated electricity from cor- 
rosion 


Rubber Suction Hose 
Reinforced With 


Spiralled Pol yethylene 


High density polyethylene spiralled 
rubber suction hose for reinforce- 
ment and eliminate the possibility 
sparks industrial applications where 
dust and gas create explosive atmos- 
phere. Designed rebound full di- 
ameter when crushed heavy equip- 
ment and virtually kink-proof, the 
hose’s core and coil are wrapped with 
outside layer abrasion resistant 
rubber. The spiral polyethylene (man- 
ufactured Grace and Com- 
Clifton, J.) resists action corrosive 
chemicals and has high tensile and im- 
pact strength. Available sizes through 
three inches diameter with rubber 
synthetic tubing, the hose produced 
Goodall Rubber Co., Whitehead 


June Training Seminars 


Polyvariable experimentation, newly 
developed methods for experimentation 
10, more variables, will dis- 
cussed training seminars held 
across the nation during June under 
sponsorship the Statistical Engineer- 
ing Institute. The seminars will held 
Boston, Pittsburgh, Chicago, Los An- 
geles and Houston. Additional informa- 
tion can obtained from Satterth- 
waite, Institute Director, Fuller Road, 
Wellesley, Mass. 


British Corrosion Show 


Corrosion control materials, methods 
and services will included the Cor- 
rosion Exhibition 1960 held from 
Hall, Olympia, London, England. The 
Technology,” British magazine. 

NACE’s 17th Annual Conference and 
1961 Corrosion Show will March 13- 
17, 1961, the Hotel Statler Buffalo, 
New York. 


RUBBER SUCTION HOSE reinforced with a spiral of 
durable high density polyethylene is designed to be 
kirk-proof and to rebound to full diameter when 
crushed by heavy equipment. 
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You can gunite, pour cast 


any 
job last! 


Yes. Sauereisen Pour-Lay Cement 
No. 54, the Acid-Proof Concrete, 
ready work for you, too for 
floors, tanks, chimneys. Provides resist- 
ance all corrosive acids (except 
hydrofluoric) and temperatures high 
2000°F. Can gunited, poured, 
cast forms applied topping 
over concrete, brick tile. 


Ask for Data Sheets. 


Sauereisen Cements Co. 
Pittsburgh 15, Pa. 


SAUEREISEN 


POUR-LAY 


NO. 


PAT. APPLIED FOR 


“NATIONAL, ASSOCIATION OF CORROSION ENGINEERS 


Hadfield Medal for 1960 


Hudson, head the Corrosion 
Section, Chemistry Department, 
and Steel Research Association, 
England, has been awarded the 
Sir Robert Hadfield Medal for 1960. This 
annual award made the Iron and 
Steel Institute. 

Mr. Hudson received Frank 
Newman Speller Award the Dallas 
March for his work the 
fieid corrosion. 


Over Million Dollars Given 
University Research 


More than one million dollars have 
been awarded 143 universities and 
program aid education. The 
program for fundamental research 
universities for strengthening the teach- 
ing science and related sugjects and 
for educational and research facilities 
science and engineering. 


Organic Wastes Course 


course bio-oxidation organic 
wastes theory and design will offered 
June 20-24 Manhattan De- 
partment Civil Engineering, New 


May 12-13 ASM Conference 


Refractory Metals Conference will 
held May the Los Angeles 
Chapter the American 
Metals the Hotel Del Mar. 


rugged cross-country pipe line fully protected 


practical, performance life inaccessible installations such this must measured 
decades. That’s why Hill-Hubbell was chosen apply optimum corrosion protection this 


and many similar lines throughout the country. 


your next job assured long service life specify Hill-Hubbell, the name synonymous 


with quality mill coated-and-wrapped pipe. 


Specify Hill-Hubbell wrapped pipe on your next job... 


PACIFIC 


DiviSton OF GENERAL 


3O91 MAYFIELD RD.- 


CLEVELAND 18, OHIO 


cORP 


* 2-7535 


COAL TAR ENAMEL COATING on 10-foot diameter 
pipe sections exposed for 20 years to the atmosphere 
in California was considered in excellent condition 
by inspectors. Strips cut from the pipe were re-tolled 
into smaller diameter pipe (shown above). Even after 
the re-rolling, engincers stated that no te-coating 
would be necessary before the pipe was put into use, 


Coal Tar Coatings 
Withstand Years 
Outdoor Exposure 


Coal tar enamel coatings applied 
years ago the interior 
diameter pipe sections Los Angeles, 
being exposed the sun and wide tem- 
Fernando Valley. 

Early 1959, the Los Angeles De- 
emergency use for 8-foot diameter pipe. 
Because the 10-foot diameter pipe sec- 
tions (30 feet long) were 
condition, the department decided 
longitudinal sections from the pipes for 
reshaping and rewelding into 8-foot 
ameter pipe. After this 
eration, the coal tar coatings were still 
re-coating. 

The foot sections remaining 
from the pipe were left 
scrap pile for almost year. The 
partment decided these sections were 
too good shape sold for scrap 
had them flattened into 
usable pipe sections with diam- 
eters. This re-rolling was the trans- 
verse direction from the original rolling 
the 10-foot diameter pipe. 

After the re-rolling, the 
coatings were described 
terials testing and inspection 
for the Los Angeles Department 
Water and Power. “These re-rolled 
tions will placed storage without 
need for them, may have some 
minor retouching the coatings 
places where they have been 
handling and these 
minor repairs, the original coatings 
continue used.” 

Records the department show that 
the coal tar coating was applied 
1940 under specifications the 
Works Association. The 
enamel was applied centrifugal cast 
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Test discs control joint 
you good quality. 
They are checked for continu- 
ity, character, thickness and 
wre film. Discs from your 
are delivered you after 
completion your order. 


ot diameter 
atmosphere 
t condition 
re re-rolled 
Even after 


and 
are your assurance 
quality lining. 


FLAWLESS 

Tubing Optically Examine 

Assure Correct Surface Preparation 
De- 

Most corrosion engineers will agree that proper surface prepara- 
tion the key good lining performance any environment. 
TLC make sure that the internal surfaces pipe are 
properly prepared optical inspection that flaws 
corrected before the pipe goes into the lining cycle. 

The illustration shows one our quality control operators 
mits him inspect 360 degrees, and his skill and experience 
instantly recognize flaws. 

This only one the many checks make insure good 
TRADE MARK quality. also make inspection for color, 
ness measurements, Tinsley thickness checks and Tinker and 
Rasor holiday tests. This close attention quality throughout 
possible performance the finished joint. 

TUBULAR LINING CORPORATION 
LARRY HEINEN, PRESIDENT 


3-7013 P.O. Box 20015 Houston 25, Texas 
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REPUBLIC ELECTRUNITE 
E.M.T. 


CORROS 


Republic ELECTRUNITE® 
Electrical Metallic Tubing combats corrosion 
atmospheres that destroy ordinary conduit. 

“Dekoron-Coated” E.M.T. plastic-armored 
steel electrical raceway that resists fumes, dust, 
gases, and chemical action corrosive service. 
Every length fully protected from end-to-end 
armor-tough, corrosion-proof polyethylene 
applied over the galvanized finish. 

One major industry experienced trouble their 
coke conveyor gallery where strong concentra- 
tion ammonia still waste fumes corroded 
standard conduit, resulting costly time 
—and required continual conduit replacement. 

E.M.T. and rigid steel con- 
duit now resisting these attacks. And after 
18-months service, still practically new. 


For complete information, call your Republic 
representative, write direct. Send coupon below. 


REPUBLIC G/ 
PLASTIC-COATED STEEL PIPE—REPUBLIC X-TRU-COAT—more than meets requirements most severe corrosion applications. You can bury soils lower 
different potentials, subject stray currents, lay the most aggressive soil. X-TRU-COAT Plastic-Coated Steel Pipe available wide range mois 
thicknesses and diameters (through Call your Republic representative for complete details and specifications. Or, write today. (X-TRU-COAT all forming 
produced under the Dekoron process.) 


ie 


REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING resists salt-corrosion, is 
easy fabricate. Non-magnetic and salt corrosion-resistant ELECTRUNITE 
Stainless Steel Tubing was used fabricate corona rings for powerful 
East Coast Navy Radio Station. Despite the rather severe bend the 
15- and 20-foot rings, the fabricator reported trouble whatsoever. 
ELECTRUNITE Stainless Steel Tubing and Pipe are available 
chrome-nickel analyses. Tubing sizes from O.D. O.D. Pipe sizes 
schedule 10S, and from schedule wall thick- 
nesses. Call your Republic representative, write for specifications. 


REPUBLIC GALVANNEALED SHEETS SOLVE CORROSION PROBLEM in Kethabar® 

manufactured Surface Combustion Corporation. Units are designed REPUBLIC 
lower raise the relative air humidity through evaporation absorp- 
wall moisture. Republic Galvannealed, used for coil tube sheets, takes 
forming operations. Corrosion and rust problems are absolute 


REPUBLIC STEEL CORPORATION 
DEPT. CC-9469 
1441 REPUBLIC BUILDING CLEVELAND OHIO 


Please send more information the following products: 

Republic ELECTRUNITE “Dekoron-Coated” E.M.T. 

Republic X-TRU-COAT Steel Pipe Sheets 
Republic ELECTRUNITE Stainless Steel Tubing and Pipe 


Address 


City. 


Name Title 


minimum, 


Ag 


Cleaners 


variety soils and contaminants can 
removed from precision parts, elec- 
tronic components, investment castings, 
bearings, dies, molds and 
items the Model ultrasonic 
cleaner, according the manufacturer, 
Ultrasonic Corp., Brown 
House Road, Stamford, Conn. The unit 
fully transistorized and designed 


self-contained unit. 


dry sulfamic acid product with 
color indicator, corrosion 
inhibitors and anti-foaming and wetting 
agents being produced the Calgon 
Company, Box 1346, Pittsburgh 30, Pa. 
Called Calgon Scale Remover, the prod- 
uct designed remove more scale 
than strong liquid acid. The inhibitors 
the acid make clean sys- 
tems containing copper, steel, 
aluminum galvanizing. 


Non-toxic, non-inflammable, non-irritat- 
ing the skin and absence residual 
claimed for Barsad emulsion cleaner, 
ciates, Valley Road, Larchmont, N.Y. 
The cleaner recommended for clean- 
ing tanks which have contained viscous 
oils. 


Coatings, Organic 


high sheen, rust inhibitive aluminum 
fences, tanks, standpipes and 
bus tops can achieved use 
Totalume, according the formulator, 
Wilbur Williams Co., Inc., 650 Pleas- 
ant St., Norwood, Mass. Totalume 
formulated specifically retain high 
lustre under severe conditions 
designed withstand temperatures 
1000 


Solvent hazards nor- 
mally associated with epoxies, are elim- 
inated use new epoxy resin pipe 
coating, according Minnesota Mining 
and Manufacturing Co., St. Paul, Minn. 
Called Skotchkote, the one-part powder 
resin claimed cure less than 
seconds with close coating tolerances. 
has adhesion strength 3000 psi 
and high impact strength resist dam- 
age from soil pipe movement and 
from abrasion and shock back-filling. 
Coatings particularly suitable for appli- 
cation buried immersed steel and 
concrete structures are described 
new illustrated booklet available from 
Allied Chemical Corporation’s Plastics 
and Coal Chemicals Division, Box 75-W, 
Rector St., New York 

new quick drying 
for hot coal-tar enamels has been for- 
mulated Reilly Tar and Chemical 
Corp., Merchants Bank Bldg., Indian- 
apolis, Ind. Marketed under the name 
Reilly Redhead, the primer has trans- 
lucent red color for visible detection 


areas missed cleaning, not covered 
the primer not covered the enamel. 
Designed protect various resin and 
latex and sizing application equipment 
against excessive shut-downs 
moval resin build-up, Water-Skipper, 
anti-resin and anti-corroding agent 
available from Textile Adjuncts Corp., 
4907 Farragut Road, Brooklyn Y., 
tures, high humidity conditions and 
chemical fumes and vapors. Based 
cone polymers and methyl 
esters, this new agent forms non-oily, 
wax-like film when sprayed metal 
and other surfaces. 

fibrated epoxy mastic that combines 
rust inhibitive primer properties with re- 
sistance organic and inorganic chemi- 
cals described Bulletin No. 540A 
available Laboratories, 
Inc., Main St., Cambridge 42, Mass. 
said make one-coat protection. pos- 
sible for equipment and structures the 


Desiccants 


prevent costly freeze-ups 
rosion gas, liquid air operated sys- 
tems, Dehydrators, Inc., Tulsa, Okla., 
manufacturing dissipating chemical-type 
dehydrators which are designed 
duce dew points lower. 
The units contain glass fiber filter 
trap minute particles suspended the 
process stream, compensating cartridge 
with chemical compound under 
constant compression and a water-level 
The dehydrators are distributed 
Youngstown Sheet and Tube Co., 
Box 359, Dallas 
e 

Moisture from the atmosphere 
vented from entering tanks during relief 
drawal thermal contraction use 
venting system described 
tion Bulletin No. 6029, available from 
Midland Specialties Co., 4801 South 
Richmond St., Chicago 32, Lump 
anhydrous calcium chloride 
the system dessicant. 


Fittings 


Fast connections for copper, plastic 
aluminum tubing can achieved use 
Fast-Tite fittings, according the 
manufacturer, Plastics Company 
Kent, Ohio. Connections are made 
without the usual clamps and without 
the necessity flaring, belling sol- 
dering. 

eliminate 


blow-outs and 


pull-outs, new steel fitting for nylon 
and other plastic tubing has been de- 
veloped Flodar Corporation, 16911 
St. Clair Ave., Cleveland, Ohio. Known 
the Self-Lock Type, the new fitting 
recommended for hydraulic and pneu- 
power systems, 


matic 
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tems, instrumentation and chemical 


Gaskets and Seals 


material made polytetrafluoro. 
ethylene produced American Fel 
Company, Glenville Road, Glenville 
Recommended for its 
the material Vistex and 
claimed have 100 percent compression 
recovery, exceptional strength 
and non-adhesive properties. 

Using balanced fluid pressure replace 
operational springs, CounterPoise Seals 
are designed keep deep carbon faces 
level. This method springless sealing 
and its use for wide range fluids 
including corrosive ones are described 
Chesterton Company, Ashland St, 
Everett 49, Mass. 


Heat Exchangers 


Impervious graphite immersion heat ex- 
changers and circulating steam jets for 
heating cooling corrosive solutions 
all types tanks are discussed 
bulletin available from National Carbon 
Corp., 535 Fifth New York 
Included are general description, 
installation and operation information. 
e 

and heat exchanger tube alloy has been 
developed Bridgeport Brass 
Bridgeport Conn. The mercury in- 
hibitor said form mercury oxide 
film which kills bio-organisms and helps 
form soft protective scale. The new 
tube alloy called Alloy described 
technical data sheet available from 
Brass. 


Inhibitors 


new combustion chemical called Nalco 
159 designed protect residual oil-fired 
boilers against slag and cold-end 
sion has been developed 
ical Co., 6216 West 66th Place, Chicago 
38, According the manufacturer, 
Nalco 159 protects boiler fireside 
faces interrupting high temperature 
reactions that cause oil ash constituents 
form slag. 

chemical product that protects 
food filled tin cans from rust 
sion while the cans are pre-cooked 
water has been developed Calgon 
Company, division Hagan Chemr 
cals Controls, Inc., Hagan 
Pittsburgh 30, Pa. Called Banox Com- 
position WT, the compound 
directly the cooking water. 

. 
bacterial inhibitor used cutting 
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and Company, 740 Alabama 
Indianapolis Ind. Called Elcide 


Instruments 


specification guide for electrical holi- 
detector inspection available from 
Tinker Rasor, manutacturers elec- 
San Gabriel, Cal. The guide ex- 
plains use holiday detector and 
recommended points included 
specifications for electrical inspection 
thin film coating, hot 
prefabricated protective film 
and coated pipeline other 
metal structures after they have been 
the ground, 

new laboratory mixer designed for 
hinations tiny batches material 
from ounces has been 
Atlantic Research Cor- 
poration, Alexandria, Va. sealed 
and mixes materials 
trolled environments. All parts are pre- 
steel. 

non-electric instrument for direct and 
continuous indication specific gravity 
process liquids has been de- 
veloped Precision Thermometer and 
Instrument Co., 1434 
Philadelphia 30, Pa. This Princo Densi- 
W-756 has body Pyrex for 
impact resistance and immune most 
corrosive liquids because 
used 
wetted surfaces, according the 

transistorized pipe valve 
with the single turn transmitting 
ind receiving coil cast the fiber glass 
tronies Co., 2545 Indian School Road, 
Phoenix, Ariz. The transmitter 
are powered four flashlight 
latteries each and give average life 
hours, according Gardiner. 
measuring crack 
forgings, castings, steel bars 
rods new instrument has been 
medium-frequency current 
and voltage, the gauge 
measures the drop potential against 
section the surface. With 
surface conductor, the loss equal 
portion. With crack, the drop 
potential greater. 

magnetic crack detector 
sub-surface and surface 
and defects ferro-magnetic metal 
been developed United States 
Repair Corp., 6432 
Philadelphia 35, Pa. Called the Model 
Seal-Lock, the detector has located 
the surface, according 

for accurate measurement 
flow through pipe line from 
the has been developed 
Metuchen, The Gulton ultra- 
flowmeter uses high intensity sound 
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FOUR WAYS 
INSURE GOOD 
COATING PROTECTION 


Continuity all important protective coating. Whether it’s mil 
coating pipeline mil coating chemical tank, tiny pinhole 
can lead the destruction the coating. Use Tinker and Rasor 
Holiday Detector will quickly locate pinholes well weak spots caused 
air bubbles, coke, rust scale. Minutes spent inspecting with Tinker 
and Rasor Holiday Detector while the job open can save days down 
time later on. 


Pipeline Detectors 


E-P For damp dry surface, high electrical resist- 
ance coatings. Output adjustable from 8000 
20,000 pulsating voltage. Electrodes available: 
half circle, spring for pipe 6”, full circle 30” 
silicone brush for flat surfaces. 


E-4 This lower cost type detector specifically 
designed for smaller diameter pipe and flat surfaces 
with dry surface, high electrical resistance coatings. 
Output adjustable from 8000 20,000 D.C. voltage. 


Thin Film Detector Underground Pipeline Detector 


M-1 For painted sprayed thin film P-D For detecting holidays, electrical contacts 
coatings. Maximum applied voltage locating the pipeline itself, without uncovering the 
67% V., non-destructive coat- pipeline. Completely life and 
ings. Belt mounted, Ibs. total wt. light weight. 


Engineering Note: DISTRIBUTORS: 
protective coating Line Products Corp., Kearny, New Jersey 
| Id include Crutcher-Rolfs-Cummings, Inc., Houston, Texas 
| y Remco Manufacturing Co. Inc., Tulsa, Oklahoma 
Detector inspection. Write for spec- Bob Herrick, New Cumberland, Pennsylvania 
ificati ide. Canadian Equipment Sales Service Co. Ltd., 
ification guide Edmonton, Alberta, Canada 
Agent: Frazar & Hansen Ltd., San Francisco, Calif. 


Write today for technical data and bulletin. 


Quality Control for Coating Application 


417 Agostino Road, P.O. Box 281 San Gabriel, California 


3) 


NEW PRODUCTS 


(Continued From Page 47) 
waves transmitted through the walls 
the pipe the flowing liquid measure 
quantity and rate flow. 


Insulation 


bulletin describing the various prop- 
erties Havelex (formerly Myca- 
lex), rigid inorganic insulating ma- 
terial, available from the Taunton 
Division Haveg Industries, Inc., 336 
Weir St., Taunton, Mass. Havelex 
composed special glass reinforced 
with mica. 

Two new types insulation have been 
developed Union Asbestos Rubber 
Company, Fibrous Products Division, 


CORROSION 


Installation 


DESIGN 
ENGINEERING CORP. 


P.O. Box 1169 FAirfax 3-6858 Houston Texas 


CATHODIC PROTECTION 


SURVEYS 


cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
total of over 150 years experi- 
ence available to serve you 
with ABILITY and INTEGRITY. 


4601 Stanford St. 


Branch Offices: Chicago @ Corpus Christi 
New Orleans @ Odessa @ Tulsa 


CATHODIC 
PROTECTION 
SURVEYS + DESIGNS 
INSTALLATIONS 


CORROSION RECTIFYING CO., INC. 


5310 ASHBROOK 7-6659 
HOUSTON 36, TEXAS 


SERVICE 


CORROSION 


A Complete Service in Corrosion Engineering 
Design and installation of cathodic protection 
systems. Supervision. Resistivity and electrolysis 
surveys. Selection and application of protective 

coatings. 


17 DUNDONALD ST., TORONTO 5 


Electro Rust-Proofing Corp. 
Engineering Division 
Surveys 
Cathodic Protection Design 
Plans Specifications 
Electrolysis Control 
Testing 


BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


1111 Perry St., Bloomington, 
Insutape, wrap-on asbestos insulation 
claimed flameproof and weather- 
proof, designed for industrial appli- 
cations requiring easily applied in- 
sulating material under close-clearance 
conditions and for bent curved instru- 
ment lines and pipe. Unarco U-200, 
light weight, rigid, urethane-foam pipe 
insulation, designed for use tem- 
peratures from —300 220 


Metals, Exotic 


Superior Tube Company Norristown, 
Pa., has been appointed agent 
country for the sale pure beryllium 
tubing produced the Chesterfield 
Tube Co., Chesterfield, England. Avail- 
able sizes from 0.250 2.0 inches, 
the beryllium tubing produced from 
sintered billets the hot extrusion 
method. Bore-sized tubing with closer 


ENGINEERING 


CATHODIC PROTECTION 
ENGINEERING 
SURVEYS CONSTRUCTION 
Systems for conventional and 
specialized applications 
THE HARCO CORPORATION 


4592 East St. VUlcan 3-8787 
Cleveland 25, Ohio 


THE CORPORATION 
Consulting Engineers 
“WORLD-WIDE ACTIVITIES” 
Survey Design Supervision 
Specializing In 


Corrosion Control «  F.C.C. Certification Tests 
Electromagnetic Interference Studies 


Francis Palms Detroit, Mich. 


Interprovincial 
Corrosion Control Company 
Limited 


100 E i Bidg. 167 
Calgary, CANADA Ont. 
CONSULTING ENGINEERS 


Survey — Design — Materials and Equipment — 
Installations 


“PUTTING PERMANENCE 


For Over Years 
MAYES BROTHERS, INC. 


1150 McCarty Phone: OR 2-7566 
HOUSTON, TEXAS 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 
Hampden Ave. MOhawk 4-2863 
NARBERTH Phila.) 


ENGINEERS 


internal tolerances produced 
limited size 


new data sheet 
one the more available 
elements, has been published Nuclear 
Corporation America’s 
dencia Burbank, Cal. Holmium has 
high magnetic moment and 
tively corrosion resistant. 


molybdenum mill products specifica- 
tions booklet available from the Re. 
fractomet Division 
Steel Corp., Bridgeville, Pa. The 
covers unalloyed molybdenum and 
sheets. Material specifications for 
these products include scope, manu- 
facture, chemical composition, structure 
mechanical properties, dimensions, finish, 
inspection and other 


metal, 


DIRECTORY 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 


119 Ann Street 
Hartford Conn, 


Essex Bldg. 
Narberth, Pa. 


SOUTH FLORIDA TEST SERVICE 
INCORPORATED 


Testing-—Inspection—Research— 
Engineers 


Consultants and specialists corrosion, 
weathering and sunlight testing. 


4301 N.W. 7th St, Miami 44, Florida 


WATER SERVICE LABORATORIES, INC. 
Specialists 
Water Treatment 


Main Office, 615 West 131st St., 


Offices Also in Philadelphia, Washington and 
Richmond, Va. 


You can advertise your engi- 
neering services this dl- 
rectory for about $1.50 
thousand readers. This 
far the best, least expensive 
and most convenient way 
keep your name before the 
more than 8000 paid read- 
ers CORROSION. Write 
Houston Texas. 
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Metals, Ferrous 


Engineering properties and applications 
heat and corrosion resistant castings 
are discussed 64-page booklet avail- 
able from International Com- 
pany, Wall New York 
designed for persons inter- 
ested steel and high-alloy 
casting selection, design and production. 
The booklet divided into 
tions: heat-resistant alloys, corrosion 
resistant alloys and fabrication data. 
new family high strength, fine 
the GLX-W steels. They are treated 
with varying amounts columbium 
which does not affect ductility. Because 
their low carbon content, these steels 
are easily weldable and have outstanding 
forming qualities, according National 
Steel Corp., Grant Bldg., Pittsburgh 19, 
Pa. 

Latest revision the list standard 
designations and chemical composition 
ranges for heat and corrosion resistant 
cast alloys has been issued the Alloy 
Casting Institute, 1001 Ave., 
Garden City, New additions the 
list grades cast alloys are two 
corrosion resistant alloys designated 


CD-4MCu and CG-8M. 


Plastics 


Filled Teflon piston rings, marketed 
Garlock Packing Co., 444 Main St., 
Palmyra, Y., are recommended for 
non-lubricated service seal reciprocat- 
ing, oscillating and rotary 
external and internal cylindrical surfaces 
against the leakage liquids gases. 
The rings are made from specially proc- 
essed carbon-filled Teflon which exhibits 
lower coefficient friction than other 
solid materials. 

Elastomer components 
missile and automotive applications that 
exhibit excellent dielectric properties, re- 
sist high temperatures and are corrosion 
resistant have been developed Vernay 
Laboratories Inc., Yellow Springs, Ohio. 
Processing Kel-F 
bon elastomer 3700 with special per- 
oxide cure, the temperature performance 
range has been increased from 
200 without reducing resistance qual- 
according Vernay. Applications 
for the elastomer include high tempera- 
ture electric insulation, hose seals, dia- 
phragms, fuel cells and systems using 
nitric acids and other corrosive 
e 
Thin and standard wall tubing made 
tetrafluoroethylene can mechanically 
expanded, then heated recover origi- 
nal dimensions clamp tightly over the 
object available from Penn- 
sylvania Fluorocarbon Co., Inc., 1115 
Philadelphia Pa. Available 
basic colors, the tubing can used 
encasing irregular shapes, protecting 
components and for joining 
chemical tubes and metal fittings. 

Tetrafluoroethylene fluorocarbon resin 
tubes prevent erosion and dew point 
Corrosion the tube sheet opening 
exchangers and condensers are be- 
supplied Resistoflex Corporation, 
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ASBESTOS 
PIPELINE 


Adheres the pipe coating enamel. Protects pipeline against root 
attack, soil distortion, and trench settlement which can occur from 
undergrowth clay rocky areas where the soil alternately 
wet and dry. Economical and long-lasting Ruberoid Pipeline Felt 
meets and exceeds the specifications the American Waterworks 
Association and the National Association Corrosion Engineers. 


FLEXIBLE 


ROCK 
SHIELD... 


durable pipeline protector. Guards pipelines rocky and 
swampy areas, and river, railroad and highway crossings. Also 
used make tough saddle pads for river weights hold-down 
anchors. Can applied either two pieces the cigarette 
wrap method. steel strapping with aluminum seals 
use filament tapes insures permanent placement the shield. 
Saves time and effort. Light weight cuts freight cost. 


For specification details and samples, write The RUBEROID Co., 
Industrial Products Division, 500 Fifth Ave., New York 36, 


RUBEROID 


PIPELINE PROTECTIVE COVERINGS THAT LAST 


Conn, 
NS 
igi 
ive 
‘ite 
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Roseland, Tapered the end 
reduce turbulence, the tubes can in- 
stalled hand press fit. 

giant chemical fume scrubber made 
Hetron 92, fiberglass reinforced 
polyester plastic produced Durez 
Plastics Division Hooker Chemical 
Corp., North Tonawanda, Y., was 
designed handle 42,000 dust 
loaded gases. Designed and engineered 
Buffalo Forge Air Cleaning Division 
Buffalo Forge Co., Buffalo Y., 
the scrubber designed handle large 
volumes severely corrosive fumes, 
mists and dusts fluoride compounds. 
Main shell the hydraulic scrubber was 
fabricated Verre, Inc., Arcade, 

Adapter plugs for chemical rotameter 
are being made chlorinated polyether 
thermoplastic Brooks Rotameter 
Company, Landsdale, Pa. The rotameter 
primary metering device indicate 
and control flow rate. 

Properties fiber glass reinforced plas- 
tic pipe for chemical corrosion control 
are given Bulletin FRP-1 available 
from Haveg Industries, Inc., Plastics 
Park, Wilmington Del. The bulletin 
designed help the engineer select 
tings meet corrosion control and 
safety requirements demanded 
many chemical and petrochemical plants. 

Separation, cracking and splitting even 
with small bending radii are eliminated 
Flexlon hose construction, according 
the manufacturer, Manhattan Rubber 
Division Raybestos-Manhattan, Inc., 
Passaic, Hose construction fea- 
tures bonding the tetrafluoroethyl- 
ene tube the hose body. 

Seamless construction and integrally 
molded flanges were designed into 
resin regeneration column fabricated 
from 4000 Duracor, one seven basic 
thermosetting resins used fabricate 
special corrosion resistant process equip- 
ment. The column, produced Ceilcote 
Company, 4832 Ridge Road, Cleveland 
Ohio, was designed handle highly 
corrosive chemicals 180 

Fasteners such bolts and nuts made 
vinyl reduce construction costs are 


COKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has a high carbon 
inch. bulk sacks. Prices other sizes 
reques?. 
National Carbon Anodes 
Magnesium Anodes 


Good-All Rectifiers 


COKE COMPANY 


HEmlock 6-3603 
Mt. Olive, Ala. 


Box 


cators, Inc., Norwood, Mass. The plastic 
fasteners can used for underground 
applications regardless soil conditions 
and are not subject galvanic elec- 
trolytic action. Fillister, hexagon and 
flat head bolts are available any 
standard size. 

Home awnings made from rigid Geon 
Chemical Company, are being fabricated 
Navaco, Inc., Dallas, Texas. The 
awnings have slats extruded from rigid 
vinyl which soften and diffuse sunlight, 
remain free from rust and corrosion and 
not require painting, according 
Navaco. 


Pumps 


hand pump for use carboys, drums 
and tanks fabricated from 
Nalgene, Type (linear, low pressure, 
high density) polyethylene for chemical 
resistance and rigidity Nalge 
Inc., Panorama Creek Drive, Roch- 
ester The pump designed for 
use most liquids. 

Because the submerged liquid end, 
mersemetric pump designed the Mil- 
ton Roy Company, 1300 Mermaid 
Lane, Philadelphia 18, Pa., requires 
other openings the tank except the 
one the top. Controlled volume meter- 
ing against pressures 1200 psi and 
corrosion resistance are claimed the 
manufacturer for this pumping system. 


Tapes 


Molding tape has been designed for con- 
formable, permanent filling material be- 
fore overwrapping with any standard 
pipe wrapping tapes. Called M-45 mold- 
ing tape, manufactured West 
American Rubber Co., 410 North Ave., 
Los Angeles, Cal. Typical applications 
include filling shoulders underneath 
pipe caps, reducing the sharp angle 
pipe joints and tees and smoothing rough 
edges pipe elbows and valves. 

new chloride pressure sensi- 
tive pipe protection tape that 
has been developed Minnesota Min- 
ing and Manufacturing Company, St. 
Paul Minn. Called Scotchrap Tape 
No. 40, designed for conformability 
over broad temperature range for pipe 
protection. 


Valves 


Stainless steel bleeder permit 
visual check bleeding purging 
hydraulic lines while the pump sys- 
tem operation have been designed 
Fluid Regulators Corporation, 313 
Gillette St., Painesville, Ohio. The valves 
can used with any high pressure hy- 
draulic system, according the manu- 

operating mechanism 
one new feature the Massco- 
Grigsby pinch valves manufactured 
Mine Smelter Supply Co., 3800 Race 
St., Denver, Colo. Other new operating 
mechanisms include torque arm re- 
ducer for manual operation. new 
motorized unit provides remote control 
when the valve inaccessible places. 


Balendonck has been named 

trict manager the Dallas, 

50th New York 20, 


Beale, NACE member, has 
been appointed director research for 
Tulsa, Okla. 

e 
Bernard Berkeley has been promoted 
director the product development 
partment for Foster Snell, 
West 15th New York 
chemical engineering firm. 


Calvin Brantley has been appointed 
director research for Union Carbide 
Nuclear Company, division Union 
Carbide Corp., East 42nd St., Ney 
York 

Herman Blumenthal has joined Chro- 
malloy Corporation, 452 Tarrytown 
White Plains, Y., research 
director the Chromalloy Division, 

e 

Union Carbide Plastic Company, 

sion Union Carbide Corp., 420 
ington Ave., New York 17, has 
made the following personnel appoint- 
ments: Herbert Clark 
service specialist Bound Brook, 
Richard Hess will handle flexible 
packaging, bonding and laminating sales 
for upper New York state area, How- 
ard McCurdy technical sales rep- 
resentative for the South Atlantic Re- 
gional Office Moorestown, 
Charles Naylor sales trainee 
the Midwestern Regional Office Chi- 
cago, and Douglas Peterson tech- 
nical representative trainee the North 
Ohio. 

Two new sales engineers added the 
Nowery Smith Company staff, 
ton, Texas, are Isham Harrison 
Ralph Cushman, Jr. 

@ 


Fredrick Disque, Jr., has been pro- 
moted director research Alpha 
Metals, Inc., Water St., Jersey City 


NACE member Frank Davis has 
been appointed technical consultant 
Southwest Research Institute, 8500 Cu- 
lebra Road, San Antonio, Texas. 


John Galloway, NACE member, 
will charge consolidated sales 
operations the middle Atlantic states 
for the Ceilcote Company, 4832 Ridge 
Road, Cleveland Ohio. 


Lt. General James Gavin, Army 
retired, has been elected president 
Arthur Little, Inc., Cambridge 
Mass., industrial research company. 


Richard Henderson has been appointed 
chief engineer for the Arcair Company, 
Box 431, Lancaster, Ohio. 


Henry has been elected 
and Henry Fechtmeyer 
named for Ampco 
Metal, Inc., 1745 South 38th St., 
waukee 46, Wis. 
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You are producer caustic soda faced with unusual 
problem which corrosive damage equip- 
ment not important consideration: how can you eco- 


protect your product from iron contamination 


the steel tank cars that transport it? 


This problem was faced leading chemical manu- 
The solution: 8-10 mil lining sprayed 
synthetic rubber. Result: after more than three 
active service, the caustic soda still kept iron- 
HYPALON has withstood 50% and 73% caustic soda 
temperatures high 285° F.—and the 


lining has retained its original smooth finish. 

Pont’s synthetic rubber, resistant 
corrosive chemicals, abrasion, ozone, sunlight, weather, 
high temperatures (up 350° F.). All this—plus its flame 
resistance and permanent colorability—makes ex- 
tremely versatile elastomer. 


For more information send for copy PROTECTIVE 
brochure designed for the engi- 
neer with corrosion problem. For your copy write: 
Pont Nemours Co. (Inc.), Elastomer Chemi- 


cals Department C-5, Wilmington 98, Delaware. 


SYNTHETIC RUBBER 
NEOPRENE HYPALON® VITON® ADIPRENE® 


REG. 5, pate OFF 


Better Things for Better Living through Chemistry 


ad 


Jt 


? 


Refined Coal Tar Base Paint 


In all its history of over seventy years, no rust has 
ever been found under Ebony Paint, no matter how 
old the job, 30 years and over from a single coat. 


PAINT 


Since 1886 


So, as long as you see Ebony Paint in 
place, you can rest assured the metal 
underneath is getting perfect protection 
against corrosion. 


WRITE FOR BROCHURE 


EBONY PAINT MFG. CO. 


18th St. and Agnes Ave. 
Kansas City 27, Mo. 


ASSOCIATION “OF CORROSION 


NEWS 
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Fred Kinney has joined Good-All 
Electric Mfg. Company, Ogallala, Neb., 
chief engineer the electrical-me- 
chanical division. 

Charles Edward Leyes has been ap- 
pointed director building products 
laboratories the Sonneborn Chemical 
and Refining Corp., New York City. 

e 
Ralph Michael, Jr., has been ap- 
pointed industrial finishes manager for 
the paint division Pittsburgh Plate 
Glass Co., Pittsburgh, Pa. 
been named 


Edgar Paulson has 


THE FINAL LINK 
CORROSION CONTROL 


Cathodic protection essential maximum pro- 
tection against corrosion underground and 
underwater pipelines and other metal structures— 
the indispensable link any chain protective 


methods. 


APEX anodes are available in 
3 Ib., 5 Ib., 10 Ib., 17 Ib., 32 Ib. 
and 50 Ib, sizes. Prompt serv- 
ice on bare anode with or with- 
out wire, or complete packaged 
anode with wire and back-fill 
ready for installation, 


Send without obligation for our folders detailing 
the composition, installation, function and dollar- 
saving performance Apex magnesium anodes. 
Our engineers are available for qualified technical 
consultation. 


APEX SMELTING COMPANY 


2537 West Taylor Street, Chicago 12, 


Cleveland Ohio 


Long Beach 10, California 
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q 


manager process and waste 
engineering for Hall Laboratories, 


sion Hagan Chemicals 
Hagan Pittsburgh 30, 


Pickard has been appointed 
berg, Plastic Applicators 
Inc., Houston, Texas. 


NACE member Jean-Pierre Polar 
been appointed assistant the director 
technical information for 
Molybdenum Co., division 
Metal Climax, Inc., 1270 Avenue the 
Americas, New York 20, 


Polk has been appointed 
vice president manager 
Dowell Division the Dow Chemical 
Co., Tulsa, Okla. 

e 
Robert Pry has been named manager 
the alloy studies section the Gen- 
Research Laboratory, 
Schenectady, 

@ 
Savinelli has been appointed re- 
search director for the Power Chemicals 

e 
Lawrence Scharfstein, NACE 
member, has been appointed 


corrosion research, for Carpenter Steel 


Co., Reading, Pa. 

e 
Two division managers are retiring from 
the Byers Company. They are 
Albert Sheere from the Pacific Coast 
Division and Walter Simpson from 
the St. Louis Division. 

Mathias Siebel has been appointed 
general manager the newly formed 
pressure equipment division the Pall 
Corporation, Sea Glen 


Rut 


NACE member Siefers, Jr., has 


been appointed manager the Engi- 
neering Service Department the 
Byers Co., Pittsburgh, Pa. 


Charles Sommer was elected presi- 


dent Monsanto Chemical Co., 


North Lindberg Blvd., St. Louis 66, Mo. 


Charles Allen was 
chairman the Board Directors. 


& 
pointed chief plant systems 
ing the nuclear 
department Alco Products, 
Schenectady 


NACE member Marcel Valois 
been appointed industrial 
sentative for the Baton Rouge, La., 
Napko Corporation, Houston, Texas. 


Dwight Wait has been named 


eral manager Kemet Company, 
sion Union Carbide Corp., 
Ohio. 


NACE member Mark Weisberg 
Harry Kroll have formed 
firm the field chemicals and 
Research Corporation 41-45 Seekonk 
St., Providence, Rhode Island. 

e 
active service with Crucible Steel 
Pittsburgh 22, Pa., but will continue his 
association with the company 
sultant. 


Tension 

inte 

the tape. 


mils 


: 
4 
i, 
al 
1 


irector 
the 


ecutive 
ger of 


anager 
atory, 


NACE 


TV1SOr, 


Steel 


from 
ey are 
Coast 
trom 


ointed 
Pall 


Glen 


r., has 
Engi- 
the 


presi- 
Mo. 


Inc, 


repre- 
area 
Texas. 


d gen- 
divi- 


and 
sulting 

Eltex 
eekonk 


from 
Co. 
his 
a coli- 


outer layer 
tough, abrasion resistant 
fungus and bacteria resistant 
Waterproof 


Rubber inner layer 
gasket-like seals 
conformity surface 
irregularities 
chemical, 
fungus and bacteria attack 
good bonding 
Waterproof 


primer 
bond between 
metal and tape 
adheres even under 
dusty conditions 
application unaffected 
temperature (weather) extremes 
fills even smallest 
surface scratches and pits 


Tension elastic vinyl compresses the butyl 
into surface irregularities and makes 
waterproof joints the overlap 
the tape. 


pipe wrapping tape available 
mils and standard colors. 


RECORD AND REPORT 
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THE AIR 
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PLICOFLEX, INC. 


2425 Mowery Rd. Box 45911 Houston 45, Texas 


| 
Cators, 


Corrosion 
Ohio 
Ohio. 
Technical 
Prol 
dustries) 
short 
150 perso 
Registrati 
tional detail 
schedu 
topics are 


Iron and 
Ducti 
Steel; 
Characteris 
Steel 

Stainiess 
teristics; 
and Heat 
Uses; Cha 
Renshaw, 

Alkaline 
monia; 
struction 
Gegner, 

Sulfuric 
and 
Handling: 
pany, Inc. 


Copper 

Temper 
Corrosio 

coating that heat fade away 

Nickel 

Glidden RUSTMASTER H.R. coating was applied outdoor hot plate. One year 


900° surface temperatures and constant exposure all kinds weather had adverse 


Chlori 
effect the heat and water resistant film. Unlike the old lead soldier the coating was 
unharmed. Common 

unique outdoor hot plate test, the only one its kind, just example the Wyandott 
many ways all Glidden coatings are tested and proven. 
per Alloys 


Glidden Protective Maintenance Coatings are designed and specifically test-proven 
match particular requirements wherever protection chemical, railroad, petroleum, marine 
and industrial equipment problem. 


Jesignati 
COATINGS FOR EVERY PURPOSE Corrosion 
The Glidden Company Write for your free copy booklet Alum 
INDUSTRIAL PAINT DIVISION containing complete information cll Other 
900 Union Commerce Building Cleveland 14, Ohio Glidden Protective Maintenance Coatings 
tious Met 


In Canada: The Glidden Company, Ltd., Toronto, Ontario 
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Ohio State Program 


Registration 
limited 150 


Short Course Process Industry 
will held September 12-16 
Ohio State University, Columbus, 
Ohio. Jointly sponsored the NACE 
Technical Group Committee T-5 (Cor- 

dustries) and Ohio State University, the 
short course registration will limited 
150 persons. 

Registration information 
tional details the course will pub- 
CORROSION latter dates. 

schedule the lectures and their 
topics are given below. 


September 

Iron and Steel—Wrought Iron, Cast 
Ductile Iron, Carbon Steel, Alloy 
Steel; Heat Treatment; Corrosion 
Steel Corporation. 

Stainiess Steels—Classes and Charac- 
teristics; Alloy Designations; Welding 
and Heat Treatment; Specifications; 
Uses; Characteristic Defects: 
Renshaw, 

Alkaline Am- 
monia; Ammoniated Organic Com- 


Common Materials Con- 
striction for Processes, 
Corrosion Phenomena: Paul 


Gegner, Columbia-Southern. 

Sulfuric Acid Corrosion—Processes; 
Iron and Steel; Stainless Steels; Copper 
and Nickel Alloys; Velocity Effects; 
Handling: Luce, Duriron Com- 
pany, 


September 
and Its Alloys—Classes and 
Type Copper; Brasses; Bronzes; 
Designations; Applications; 
Corrosion Characteristics: Tracy, 

Brass Company. 
Nickel and Its Alloys—Nickel; Monel; 
Inconel; Other High Nickel Alloys; 
Applications; Corrosion Characteristics: 
Friend, International Nickel Co., 


Chlorine and Its Compounds—Proc- 
Handling; Hydrochloric Acid 


Common Materials; Chlorinated Com- 
pounds Aluminum; Gleekman, 
Wyandotte Chemicals Corporation. 
Organic Acid Acid, 
Acid; Higher Analogues; Cop- 


ver Alloys; Aluminum; Stainless Steels; 
Handling and Shipment: Manning, 
Celanese Corporation. 


September 

Aluminum and Its Alloys—Types; 
Designations; Atmospheric Resistance; 
Corrosion Characteristics: Ellis Verink, 
Aluminum Company America. 

Non-Ferrous 
Tantalum; Zirconium; Pre- 
Metals; Applications and Charac- 


teristics: Walter Boyd, Battelle Me- 
morial Institute. 

Other Inorganic Sul- 
furous; Phosphoric Hydrofluoric; 
Common Materials Construction; 
Typical Corrosion Han- 
Nemours Co., 

Corrosion Water—Seawater; 
Fresh Water—Recirculated, Once- 
Through; Common Materials Con- 
struction; Typical Phenomena: 
Ashbaugh, Union Carbide Chemicals 
Company. 


September 

Materials for Low Temperature— ‘Steel 
and Cast Iron; Alloy Steels; Copper 
and Nickel Alloys; Stainless Steels; Ap- 
Hansen, The Linde Company. 

Materials for High Temperature— 
Steel and Alloy Steels; Stainless Steels; 
Heat Resistant Castings; Other Alloys; 
High Temperature Oxidation, Corrosion 
and Related Phenomena: Krebs, 
Babcock and Wilcox. 

Designing Against Corrosion—Selec- 
tion, Specification and Design Alloy 
Equipment; Concentration Cells; 
vanic Effects; Stress Concentrations; 
Heat Treatment: Burton, Gen- 
eral Chemicals Company. 

Corrosion Tests; 
Qualification Tests; Accelerated Tests; 
Elevated Temperature and Pressure 
Testing (Insert 
Racks, Slip-In Racks, Probes, Experi- 
mental Installations); Evaluation and 
Application Data: Fontana, 
Ohio State University. 


September 

Plastic Materials Construction— 
Types; Sources; Selection and Specifi- 
cations; Characteristics; Typical Appli- 
cations: Fenner, Monsanto Chem- 
ical Company. 

Coatings for Chemical Service—Coat- 
ings; Linings; Types; Sources; Selec- 
tion and Specifications; Application and 
Inspection Criteria; Characteristics: 
VanDelinder, Union Carbide Chemi- 
cals Company. 

Inspection Metals—Visual; Instru- 
mental; Macro-Etching; Metallurgical 
Tests; Metallographic Techniques; Ex- 
amples Failures: Prange, Phil- 
lips Petroleum Company. 

Corrosion Steam Generating Equip- 
ment—Mechanisms; Boiler Corrosion; 
Condensate Corrosion; 
ment; Materials Construction; Typi- 
cal Phenomena and Corrective Meas- 
ures: Schafer, Betz Laboratories. 


Canadian Region 


Edmonton Section had members and 
guests the March meeting. Han- 
son Hanson-Parr Consulting Engi- 
neers Limited, Edmonton, spoke the 
subject “Is Your Corrosion Really Nec- 


Pierce Elected 
Chairman ISCC 


Robert Pierce, manager the 
Corrosion Engineering Products Depart- 
ment Pennsalt Chemicals Corporation, 
has been elected chairman the Inter- 
Society Corrosion Committee (ISCC) 
sponsored NACE. will serve 
chairman for two-year term. has 
been vice chairman the committee. 

Active the 

NACE for many 
Mr. Pierce 
past chairman 

the Philadel- 

phia Section and 
was the NACE 

Board Direc- 

tors 1955 

1957. Several 

his technical pa- 

pers corrosion 
control work have 
been published 

The ISCC consists two delegates 
from each U.S. technical, trade and 
governmental societies and agencies and 
foreign delegates. Its primary objec- 
tive disseminate corrosion control 
information avoid duplicated work. 
Among its activities establishment 
definitions terms pertaining corro- 
sion. 

Mr. Pierce charge manufactur- 
ing, sales and development for Pennsalt’s 
corrosion resistant mortars, protective 
coatings, plastic toppings and plastics for 
fabrication process equipment. His 
office the company’s plant Na- 
trona, Pa. 


Pierce 


Color Slide-Talk 
1960 Corrosion Show 


35-mm color slide show 
about 100 slides exhibits the 
1960 Corrosion Show Dallas has 
been prepared and available for 
showing NACE Section meet- 
ings. The show, which has com- 
mentary specific items exhib- 
ited, available first-come, 
first-served basis application 
Rolak, NACE Central 
Office. 


The show provides opportu- 
nity for NACE members who 
were unable visit the Corrosion 
Show personally see some 
the equipment display. While 
the presentation does not include 
all the exhibits, will give good 
idea the show. Presentation 
time should vary between hour 
and hour and half. 


orrosio 
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ASSOCIATION CORROSION ENGINEERS 


New Sources Are Added 
Corrosion Abstracts 


Two new sources abstracts have been 
added the number from which the Na- 
tional Association Corrosion Engineers 
derives abstracts for the NACE Punch 
Card Service and other abstracting activi- 
ties. These are: BULLETIN, 
periodical published the International 
Union Testing and Research Labora- 
tories for Materials and Structures, 12, 
Rue Brancion, Paris XV, France; and 
quarterly periodical published 
Centre d’Information Cobalt, Rue 
des Colonies, Brussels, Belgium. 

Abstracts from will 
identified the code designation 
“RIM” and those from 
designation CB. 


The addition these sources brings 
the number sources which have au- 
thorized NACE use their abstracts. 


Northeast Region 


Niagara Frontier Section sponsoring 
symposium organic coatings and their 
proper use for protection ferrous sur- 
taces. The symposium will held May 
11-13 the Hotel Niagara. Program for 
the 3-day sessions was published Page 

Central New York Section heard Hen- 
rick Vandroffelaar, division superintend- 
ent metallurgy for Pont Canada 


Three Study Levels Covered 


Appalachian 


Fifty-four classes and field demon- 
strations have been planned for the 
Fifth Annual Appalachian Underground 
Corrosion Short Course held June 
1-3 West Virginia University School 
Mines, Morgantown, Va. 

The classes will cover basic, inter- 
mediate and advanced fundamentals 


Short Course 


corrosion, public water systems, pipe 
coatings, instruments and special topics. 
complete schedule the short course 
given below. 

Educational movies corrosion and 
terials and equipment will included 
the 3-day course. 


speak stainless steel fundamentals 


the April meeting. 

Baltimore-Washington Section sched 
uled the subject “Corrosion 
Measures Necessary Design and Con 
struction Underground Pipeline” 
for its April meeting. 

Pittsburgh Section will have general 
tour the National Tube Division Plant 
for its May meeting. 


New section officers for 1960-61 


the April meeting are 
John Vrable, Vice Chairman 
Mathay, Secretary Raymond Boy. 
den and Treasurer John Keane, 

Kanawha Valley Section had panel 
cussion corrosion problems for 
March meeting. Panel moderator was 
Dillon. Panel members 
Manning and Otto Fenner. 

Southern New England Section 
uled plant tour the Bridgeport 
Company April for the final spring 
meeting. Speaker for the tour was 
Lawrence Bulow, metals engineer 
Bridgeport Brass. 

Northeast Region’s 1960 Conference 
October 11-14 the Prichard Hotel, 
Huntington, Va. 


Schedule for June 1-3 Appalachian Short Course 


10:00 A.M. 
12:00 Noon 


PER FUNDAMENTALS Public 
HOUR 10D Intermediate Intermediate Water Pipe Instruments 
1:30 Corrosion Corrosion Advanced External Wax Principles Internal 
Zz ~- to | Film Fundamentals tation Theory Corrosion Coatings Instruments Coatings 
uw | 3:00 
3:15 Mud Tub Electrochemi- Corrosion Anode Mud Tub Recording Complex 
to ny Demonstration | cal Principles Surveys Application Demonstration Coal Tar Instruments Structures 
4:45 
6:00 P.M. FIELD HOUSE — Exhibits 7:30 — Motion Pictures 
8:30 Stray Current Cathodic Cast Iron Asphaits Storage Wells 
Corrosion Plant Testing Non-Stray Design Pipe 
10:15 Stray Construction Copper Coating Instruments Copper Sulfate 
to Iv Corrosion Analysis Practices Corrosion Tests Half Cell 
11:45 Ackerman 
> a 12:00 Noon FIELD HOUSE — Exhibits and Luncheon 
1:30 Cathodic Cathodic 
- ow 4 to Theory Application Stray Current Rectifier Public Systems Application Holiday Soll 
E> | 3:00 Vv H. F. Byrns & Surveys Units Corrosion Practices Detectors Bacteria 
3:15 Field Expendable Mitigative Cathodic Transmission Coating Earth Current Stray Current 
to vi Practices Anodes Measures Facilities Line inspectors Meter Bonds & 
4:45 Maintenance Corrosion Switches 
6:00 P.M. FIELD HOUSE — Exhibits 7:30 — Round Tabi e Discussion, C. W. Beggs, Moderator 
8:30 Control Gas Service Bonding Interference Field Coal Tar Pipe Locators Couplings 
2 to vil Practices Lines Grounding Current Testing Practices Epoxy Coatings Corrosion 
= > 9:50 to 10:50 DRILL FIELD — Product and Equipment Demonstrations 


DRILL FIELD—Corrosion Testing Demonstration, F. E. Costanzo, Chalrman 


AUDITORIUM, REYNOLDS HALL—General Wertz, Speaker 
FIELD HOUSE—Exhibits and Luncheon 
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NACE NEWS 


N 


acid bath below flange center, Ni-o-nel alloy heater remains sound including weld 
submerged elbow seam. Plant now specifies Ni-o-nel alloy for all such heaters. 


Pittsburgh Steel Company: 


alloy solves year problem 


sulfuric acid mixtures 


The heatér this man looking warms 
aviolently corrosive bath: sulfuric 
nitric acid. Three submerged 
heaters keep the mixture 
For years, engineers 
Pittsburgh Steel Co.’s Thomas Strip 
Division have tried build extra 
life into these heaters. They tried 
metal after metal, but most lasted 
only months, causing frequent and 
costly shutdowns. 


But the one heater shown ser- 
since September, 1958 was re- 
cently pronounced still good new. 
made Ni-o-nel* nickel-iron- 
alloy ... for corrosive condi- 
tions unusual severity. According 
Crincic, chief engineer Thomas 
“The Ni-o-nel alloy heaters are 
good when they were put the 
aid tanks. the basis our experi- 


ence, plan Ni-o-nel alloy for 
all heaters all six lines.” 


Resists acids, oxidizers... 
“problem” waters, too 
Ni-o-nel alloy provides excellent re- 
sistance sulfuric acid concentra- 
tions 40% weight boiling 
280°F., Ni-o-nel alloy parts 
are outlasting others times. 


Oxidizing salts other than 
chlorides usually improve its per- 
formance sulfuric acid. 
why Ni-o-nel alloy has unique stay- 
ing power mixtures containing 
nitric acid, cupric ferric sulfate. 

Ni-o-nel alloy resists most organic 
acids...gives excellent protection against 
boiling acetic acid and acetic-formic 
mixtures. And its properties make 


Ni-o-nel alloy good choice for heat 
exchanger parts subject pitting and 
stress corrosion sea water and 
other chloride-containing waters. 


Wide selection Ni-o-nel 
alloy forms 
Plate ... tubing... 
seamless condenser tubing: 
alloy available all standard mill 
forms, all easily fabricated. With the 
proper rods, Ni-o-nel alloy provides 
welds strong and corrosion-resistant 
the parent metal. Write for Technical 
Bulletin T-37, “Engineering Properties 
Ni-o-nel.” And let know your 
problems with metals corrosive con- 
ditions. Perhaps can help you find 
the best answers. 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
Wall Street New York 


*Inco trademark 
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Gleekman Greco 


ASSOCIATION CORROSION 


Gribble 


Nominating Committee Names 


Slate 1961-62 Officers 


Nominations candidates for elec- 
tion the highest offices NACE 
have been received from the nominating 
committee. Officers elected will serve 
for the 1961-62 term. Greco 
nominated for president, Rolland Mc- 
Farland, Jr., for vice president and 
Gribble, Jr., for treasurer. 

Nominated for terms the board 
directors are Frank Kulman rep- 
resent NACE active members and 
Stull and Gleekman represent 
corporate members. 

Nominations made the committee 
can supplemented nominations 
from active NACE members accord- 
ance with Paragraph Section 
Article VIII the NACE 
Organization which states: 

“Not later than date fixed 
provided Section this Article, 
(Article VIII). The Secretary shall in- 


form all members the Association, 
publication otherwise, the list 
nominees reported him the Nomi- 
nating Committee; and any time prior 
Section this Article, additional 
nominations may made petition 
forwarded the Secretary and signed 
least twenty-five (25) active mem- 
bers. Any such nominees for the office 
President, Vice President Treas- 
urer shall qualify provided the first 
paragraph this section.” 

lished this page, active members have 
until July submit the names 
additional nominees petition. Voting 
will letter ballot August. Dead- 
line for votes Central Office 
will September 23. Tellers will have 
until November prepare their report 
the ballot count. 


BIOGRAPHIES NOMINEES 


E. C. GRECO, senior research chemist for 
the United Gas Corporation, Shreveport, La., 
was elected NACE vice president for 1960-61. 
A member of NACE since 1946, he has been 
president the Louisiana Academy Sciences, 
state director for the American Association 
for the Advancement of Sciences and _ state 
director of Science Fairs which he organized 
in 1957. He is past chairman and councilor of 
the Ark-La-Tex Section of the American Chem- 
ical Society. 

His activities in NACE include chairman and 
vice chairman of the Technical Practices Com- 
mittee and chairman of technical committees 
investigating corrosion in oil and gas_ well 
equipment. the author three technical 
papers published in Corrosion. He also served 
as secretary-treasurer of the South Central 
Region in 1956. He is a graduate of North- 
western Louisiana State College. 


ROLLAND McFARLAND, Jr., secretary and 
technical director of the Hills-McCanna Com- 
pany, Chicago, Ill., has been engaged in design 
and application of pumps, valves and _ allied 
equipment for over 20 years. An NACE mem- 
ber since 1948, he has been chairman of Tech- 
nical Committee T-6A and is currently an 
NACE director representing active member- 
ship. He also is a member of AIChE, ACS 
and ASM and is a graduate of Armour Insti- 
tute of Technology’s school of chemical engi- 
neering. 


C. G. GRIBBLE, Jr., district manager for 
Metal Goods Corporation, Houston, Texas, was 
elected treasurer of NACE for 1960-61 and 
has been re-nominated for that office. 
rate member of NACE since 1954 and a mem- 
ber since 1948, his NACE activities have 
included membership on the Board of Directors 
as representative for corporate members, local 
arrangements committee chairman for the 1952 
Annual Conference in Galveston, co-chairman 
for exhibits at the 1957 Conference in St. Louis 
and chairman the Houston Section. 


FRANK E. KULMAN is senior engineer with 
Consolidated Edison Company of New York, 
Inc., New York City, where he has been em- 


ployed for years. NACE 
1946, he also is a member of AGA, AIEE and 
NSPE. He has a masters in electrical engi- 
neering from Polytechnical Institute of Brook- 
lyn. His work in NACE has included chairman 
of the Metropolitan New York Section, chair- 
man and membership in several technical group 
committees and currently member of the Edi- 
torial Review Committee. 


L. W. GLEEKMAN, supervisor of the Ma- 
terials Engineering Group, Engineering and 
Development Division of Wyandotte Chemicals 
Corporation, Wyandotte, Mich., has been a 
member of NACE since 1953 and a corporate 
member since 1954. His NACE 
clude chairman of the Detroit Section, member 
of several technical committees, chairman of 
T-5A-4 (1957-58), and technical program chair- 
man for the 1956 North Central Region Con- 
ference. He also is a member of ASM AIChE 
and ASEE. He has an MS and PhD in chem- 
ical engineering from the State University of 
Towa. 

FRED D. STULL, superintendent of Corrosion 
Prevention with Texas Gas Transmission Corpo- 
ration, Owensboro, Kentucky, is a charter cor- 
porate member of NACE. His activities. in the 
association have included chairmanship of the 
Southeast Region. He received his education at 
Austin College, Rice Institute and Georgia 
School of Technology. For the past 25 years of 
his 30 years with Texas Gas Transmission and 
its predecessor companies, he has specialized in 
corrosion control work. 


The NACE Conference and 1965 
Corrosion Show will held 
Chase-Park Plaza Hotels, March 13-18, 
1965, St. Louis, Mo. 

The 20th NACE Conference and 1964 
Corrosion Show scheduled for March 
9-13, 1964, the Sherman Hotel, Chi- 
cago, Illinois. 


ENGINEERS 


McFarland Stull 


OFFICIAL REPORT 


NOMINATING 
COMMITTEE 


The Nominating Committee its March 
meeting selected the following nominees for 
officers and directors for terms beginning 
1961: 


For President: 
Greco, United Gas Corporation, 
Shreveport, Louisiana. 


For Vice President: 
Rolland McFarland, 
Co., Chicago, 


For Treasurer: 
Gribble, Jr., Metal Goods 
tion, Houston, Texas. 


For Director represent active membership: 
Frank Kulman, Consolidated Edison 
Company New York, New York 
City. 


For Director represent corporate 
ship: (two elected) 
Fred Stull, Texas Gas Transmission 
Corp., Owensboro, Kentucky. 


Gleekman, Wyandotte Chemicals 
Corp., Wyandotte, Michigan. 


Schedule Dates for Nomination and Election 
National Officers and Directors for Terms 
Beginning March 17, 1961 


ACTIVITY DATE COMPLETED 
Formation Nominating 

(completed) Merch 18, 1960 
Nomination Candidates and report 

the Secretary (completed) April 1960 
Publication of Nominating Committee 

report May 1960 issue CORROSION 
30 to 35 days for members to prepare and 

file nominations petition June 10, 
Preparation and mailing letter ballots 

NACE members 21, 1960 
Period allowed for members return 

letter ballots September 23, 1960 
Period allowed to count ballots and 

Prepare report by tellers November 1, se 
General Business Meeting March 15, 196 


List Members Eligible for Nomination 
the Office President, Vice President 
Treasurer NACE for the Term Beginning 
March 17, 1961. 


Caldwell, Pat Casey, 


Gribble, 
Jr., H. F. Haase, Norman Hackerman, 4 
ilton, Derk Holsteyn, A. N. Horne, R. B. Hoxeng, 
L. A. Hugo, H. A. Humble, + onaall 
V..N. Jenkins, T. F. P. Kelly, V. V. Kendall, 
W. J. Kretschmer, R. E. Kuster, F. L. LaQui. 
McFarland, Jr., George McComb, 
P. May, R. B. Mears, E. F, Moorman, C, G. 


* Eligible for nomination for President only: 
(Continued Page 60) 
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Subscription Rates 
Raised for Some 
Foreign Countries 


increase subscription rates for 
addresses outside the North 
American Continent has been approved. 
The new rates will put into effect 
soon possible after notices have been 
sent all subscribers subscription 
agencies affected. 

The decision was made recommenda- 
tion the Publication Committee after 
several years’ delay. The committee had 
been reluctant increase the rate sub- 
scriptions going abroad the belief that 
might affect the wide distribution in- 
formation corrosion control presently 
obtained through the distribu- 
tion some countries. 

Increased postal rates and growing 
number missing copies which must 
replaced cost the subscriber have 
scriptions outside the North American con- 
tinent that the added expense longer can 
absorbed. The rate replacement 
lost damaged copies for subscribers 
abroad much greater than the rate for 
similar reasons this continent. 


Another factor which was taken into 
account was the administrative problems 
involved handling subscriptions abroad. 
necessity for obtaining exchange, and 
some cases poor postal service, the cost 
administering subscriptions 
greater than for those the United 
States and adjacent countries. 


Letters the Editor 


March 28, 1960 
New Haven, Conn. 

member NACE, and interested, 
all members should our national 
economy, wish thank you for your fine 
editorial “The Fallacy Built-In Ob- 
solescence” appearing the current issue 
Magazine. 

wish copy this editorial could 
sent every motor car manufacturer 
this country, well every popular 
magazine read the public. really 
high time the public became aware this 
terrific national waste. 

(signed) 
Harry Brown 


Technical Committee Report 
Price Schedule Set 


Executive Secretary Hull has been 
instructed the NACE Board Di- 
rectors establish schedule prices for 
the sale NACE Technical Committee 
Reports which higher 
charged for copies other technical litera- 
ture. The board’s decision 
after discussion which the consensus 
developed that reports, being the considered 
work the association, are more valuable 
than contributions individuals com- 
panies alone. 

Certificates for past chairmen regions 
and sections, measuring inches, 
are available from the Central Office 
$7.50 each. 


vital narrows crossing fully protected 


This underwater pipeline across New York Harbor will serve Brooklynites for many 
years, thanks optimum corrosion protection applied 

Underwater underground, long, trouble-free service assured you specify Hill-Hubbell 
the name synonymous with quality mill coated-and-wrapped pipe. 


*Pipe in photo weighted with concrete covering over Hill-Hubbell protection. 


Specify Hill-Hubbell wrapped pipe on your next job... 
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ENGINEERS 


Minor Arrangement Change; 
Authorized for 


Some minor changes the internal 
rangement the Sections CORRO. 
SION were authorized meetings 
NACE Publication Committee 
March. These included transposition the 
Record and Report section with the 
Technical Committee Activities and NACE 
News This will put all 
material relating technical and engineer. 
ing matters sequence. 

The page containing the monthly 
torial will moved Page from the 
position has occupied since January, The 
committee expects this change will gel 
more attention for the editorial. 

monthly list advertised 
and services will published. This 
who are searching for products and 
ices meet specific needs and solve 
ing problems. 


1960 Corrosion Show 
Color Slide-Talk 


some the exhibits the March 
Dallas exhibition. This 1960 
entation will accompanied 
commentary describing the exhibits 
and many the items displayed. 

NACE Section program chairmen 
who are interested using this 
one their programs may make 
Texas. 

The show gives members who 
were unable attend the conference 
opportunity see some the 
exhibits what many have said was 
the best Corrosion Show held far. 


Nominating 


(Continued From Page 58) 

Rench, L. F. Scherer, H. W. Schmidt, L. R 
Sheppard, Edward L. Simons, A. D. Simpson, 
Jr., A. B. Smith, D. E. Stearns, A. L. Stegner, 
E. H. Tandy, R. S. Treseder, H. C. Van Nov- 
huys, Verink, Jr., Aaron Wachter, 
B. West, F. L. Whitney and Guy F. Williams 


eligible for nomination Director 
sent the Active Membership the Association, 
and any Representative Corporate Mem- 
ber good standing eligible for nomination 
Director represent the Corporate Mem- 
bers the Association, except the following 
who are not eligible for nomination 
elected director for the term beginning March 
17, 1961—because the time limitation 
zation. 


List Members not Eligible for 
Director for Term Beginning March 


J. P. Barrett, G. E. Best, H. L. Bilhartz, 
yreco, C. G. Gribble, Jr., H. F. Haase, T 
Hamilton, R. E. Kuster, R. McFarland, Jes 
Stegner, W. H. Stewart, E. H. Tandy, R. R 
B. Watson, J. B. West, L. L. W hiteneck a! 
Guy F. Williams. 
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Coated Pipe Line Railroad 


mM the 


Fence 


Power Line 


185’ 350’ 25‘ 350’ 


PROTECTION 645 MILES 
INCH COATED STEEL PIPE LIN 


1954 the management large oil company 
decided protect part their new transmission 
system. Since time was short they decided con- 
tract for turnkey cathodic protection job. 
The corrosion engineers surveyed 
the entire line and installed eighteen volt recti- 
fiers with 10-20 amp capacity power the asso- 
ciated graphite anode beds. The beds 


had from ten fifty 60” graphite anodes 

coke breeze backfill ft. spacing. “National” 
After the system was energized 1955, the cor- ANODE: 
rosion engineers tested and made necessary bonds 
with over pipe and cable cross- 
ings and adjusted the entire system provide 
potential —.85 volts pipe soil potential over its 
complete survey 1959 showed that the anode 
wing beds are all performing satisfactorily. Several new 
“National” graphite anode beds will installed 
nin protect additions the original pipe line. For Backfill 
data graphite anodes, contact National Carbon 
Company, Division Union Carbide Corporation, 
270 Park Avenue, New York 17, New York. 

Canada, Union Carbide Canada Limited, Toronto. 

*Harco Corporation, Cleveland, Ohio 
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North Central Region 


Conference Chairmen 
Appointed for 1960 


Milwaukee Conference 


The Eastern Wisconsin Section will 
host for the 1960 North Central 
Region Conference scheduled for Octo- 
ber 19-20 Hotel Pfister, Milwaukee, 
Wis. Technical meetings will include 
symposia corrosion problems the 
chemical process, brewing, pulp, paper 
industries. 

Technical committee meetings and 
regional business meeting will held 
during the conference. Inquiries 
technical committee meetings should 
directed Wasson, technical 
program committee chairman, 
Smith Corp., Milwaukee, Wis. 

Co-chairmen the General Confer- 
ence Arrangements Committee are Alex- 
ander McConnell George Meyer 
Smith Corp. 


Other conference committee chairmen 
are listed below: 

technical program; Walezyk 
arrangements; David Wilson 
Metal Spraying Co., entertainment; 
Thomas Quick Ladish Co., regis- 
tration; Johnson Stainless 


CERTIFICATES 
MEMBERSHIP 
NACE 


Certificates membership the Na- 
tional Association Corrosion Engineers 
will issued request each, 
remittance advance, The certificates, 
signed the president and executive 
secretary the association. 


CERTIFICATES for 
PAST CHAIRMEN 
REGIONS 


and SECTIONS 


size, prepared from engraved 
are available for issuance regional 
and sectional chairmen, They will 
supplied request the region 
section $7.50 each paid the 
region section, the cost classi- 
fied non-reimbursable expenditure. 


Address Orders 


Hull, Executive Secretary 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Foundry Engineering, Inc., publicity 

Financial chairman will Den 
nison Metal Spraying Company 

Conference adviser Harold 
Haase, consulting engineer, Confer. 
ence secretary: Robert 
Allis-Chalmers Mfg. Co, 


Southwestern Ohio Section heard 
Frank National Distillers and Chem. 
ical Corporation speak 
corrosion problems distillery 
erations the March meeting. 

Detroit Section held joint meeting 
with ASTM and 
Society sections hear Frank 
Que International Nickel Co., Inc, 
speak the subject “What 
and Don’t Know About 

Chicago Section scheduled Richard 
Dalbke Dearborn Chemical Compan 
guest speaker for the April meet- 
ing. His topic was “Modern Methods 
for Control Corrosion Cooling and 
Potable Water Systems.” 


Twin Cities Section 
61st Local Unit 


section has been formed. 
Approved the officers 
the North Central Region, the 
section has been named the Twin Cities 
Section. will include the Minneapolis- 
St. Paul area. 

Temporary officers are Chairman 
Charles VanRickley Secretary 
James Williams. 


Shaft Sinking Record Set 


The world shaft sinking record held 
Russia was broken recently the 
Vaal Reef Mine Orkney 
Transvaal), Africa. The crew dug 922 
feet days, bettering the Russian 
record 868 feet. Present depth the 
Vaal Reef shaft 2054 feet and 
planned depth 7200 feet, prob- 
ably the deepest vertical shaft 
world. 


Aluminum Rocket Engines 


engine cases may result from tests indi 
cating aluminum stronger than 
weight basis, according the 
Aluminum Company America. Tests 
showed that aluminum engine 
severe stresses could five per 
cent without exploding. 


Federation Name Change 


Name the Federation 
and Industrial Wastes Associations has 
been changed Water Pollution 
trol Federation. The Federation’s Jour 
nal will titled “Journal the 
Pollution Control Federation.” 

NACE’s 17th Annual Conference and 
1961 Corrosion Show will 
13-17, 1961, the Hotel Statler 
talo, 
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NACE NEWS 


your 
going smoke too? 


CPS Heater Treater Cathodic Protection will prevent this loss. 


INTERNAL oil field equip- 
ment, handling produced brine, can 
entirely eliminated the application 
soundly engineered cathodic protection 
installations. Vessel equipment does not 
wear corrodes out. 


Either your nearest CPS branch office 
our home office readily available 
for engineering consultation prop- 
erly design your cathodic protection 
systems. 


CPS Heater Treater cathodic protection 
equipment can procured through your 
nearest Tank Company our home of- 
fice any our listed branches. 


CPS has also been involved the engi- 
neering and installation cathodic pro- 
tection several thousand well casings 
and presently engaged the installa- 
tion cathodic protection over 500 
casings for Unit Operator West 
Texas. 


Cable Address CATPROSERV 


NEW ORLEANS 
1627 Felicity 
JAckson 2-7316 


CHICAGO 
122 Michigan Rm. 964 
9-2763 


TULSA 
4407 Peoria 
Riverside 2-7393 


ODESSA 
5425 Andrews Hwy. 
EMerson 6-6731 


CORPUS CHRISTI 
1620 Brownlee 
TUlip 3-7264 


stern 
the 
nder 
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1960 WESTERN REGION CONFERENCE CHAIRMEN who will make arrangements for the October 
6-7 conference held the Sheraton-Palace Hotel, San Francisco, are shown above. the 
back row, from left right, are George Moeller Union Co., program chairman; David 
Haas Amercoat Corp., hospitality chairman; Storm Tidewater Oil Co., chairman the 
Western Region; William Garratt Co., ladies program; James Dotson 
Pyromet Co., publicity chairman, and Simmons Alloy Products Co., arrangements 
chairman. the front row left right are Firpo Pacific Metals Co., Ltd., assistant regis- 
tration chairman; George Davis Pacific Metals Co., Ltd., registration chairman; 
Puckett Dow Chemical Co., general chairman; Arthur Bayce Shell Development, facilities 
chairman; Martin Webber Shell Development, assistant program chairman and Ernest 
Haycock Shell Development, assistant facilities chairman. 


POSITIONS 


WANTED 


Active and Junior NACE members and companies seeking salaried employees 
may run without charge two consecutive advertisements annually under this 
heading, not over words set point type. Advertisements other 
specifications will charged for $10 column inch. 


Positions Available 


Wanted Centre Belge Corro- 
sion: engineer and PhD 
sciences and technical engineer for scientific 
and technical studies electrochemistry and 
corrosion. Good basic education and proficiency 
languages indispensable. Begin immediately 
possible. Write Cebelcor, 24, Rue Cha- 
valiers, Brussels Belgium. 


Chemical Engineer for corrosion inspection pro- 
gram. Involves process corrosion studies, mate- 
rials testing, process equipment inspection, metal- 
lurgical studies and interpretation. Prepare com- 
prehensive reports. years’ experience 
this field. Write Russell, Box 1311, 
Monsanto Chemical Company, Texas City, Texas. 


GAS ENGINEER 
Fast growing and progressive midwest natural 
gas utility, with over 16,000 customers is seek- 
ing an engineer with at least 3 or 4 years’ gas 
utility operation experience since graduation 
to take a position in a supervisory capacity. 
Prefer man about 30 years of age with tech- 
nical background and experience in corrosion 
and cathodic protection and with executive 
ability to supervise this type of work. Send 
full resume of experience, age and salary re- 
quirements. CORROSION, 60-18. 


UNUSUAL OPPORTUNITY 


Technical service and sales work for 
sanitary petroleum engineer with ex- 


perience water flooding. Salary and 
commission. Write fully, including recent 
photograph, Buckman Laboratories, 
Inc. Memphis Tennessee. 


Positions Wanted 


Experienced Sales Service Representative. 
Chemical education with ten years’ experience 
laboratory and sales coatings and chemi- 
cals. Desires position with reputable organiza- 
tion for western Pennsylvania area. Best refer- 


ences. CORROSION, Box 60-16. 


Electrical-Corrosion years’ experi- 
ence mining, oil and consulting operations, 
foreign and domestic. Speak Spanish. Desire 
supervisory position with growth potential. Will 
relocate. Age 34, married. Resume request. 
CORROSION, Box 60-17. 


Chemical Engineer, B.S. 1957, desires enter 
corrosion work full-time basis. Experience 
natural gasoline plant with work corrosion 
control and cathodic protection. Any offer 
corrosion field considered. Reply: CORROSION, 
Box 60-19. 


Manufacturers’ Agents 


Manufacturer’s Representative wanted repre- 
sent established pressure sensitive tape 
facturer the sale Pipe Wrap Polyethylene 
Tapes. Must entirely familiar with the trans- 
mission suppliers. Send complete 
resume territory covered, experience, etc. 


CORROSION, Box 60-14. 


Opportunity—Complete line corrosion control 
coatings, floorings etc, offered firm with ex- 
cellent technical reputation and straight-forward 
sales policies. Aggressive but service minded 
agents wanted for several exclusive territories. 


CORROSION, Box 60-15. 


Western Region 


San Joaquin Valley Section has 
uled meetings for June 14, October 
and December 13. These meetings 
held Maison Jaussaud’s Restaurant 
Bakersfield, Cal. 


Officers for the section are 


Robert Evans, Standard Oil 
fornia, Vice Chairman Bruce 
Western Corp., and 


Treasurer Nat Haseltine, 


Oil California. 


San Francisco Bay Area Section 
uled Troy McCormick 
Chemical and Inspection Co., San 
dro, speak chemical cleaning 
dustry for the May meeting, 


Resistoflex Corporation spoke the 


manufacture, application and 


Teflon-lined piping. 


May 


West Kansas Section. 

Steel’s National Tube Div- 
sion, McKeesport, Pa. 

Birmingham Section. Above Ground 
Corrosion, Humphreys, Jr, 
Alabama Gas Corp. 

Greater St. Louis Section. 
Tank Lining Corp., Pitts- 
burgh, Pa, 

San Francisco Bay Area Section. 

Basin Section. 

Boston Section. Election 
officers. Analysis Furane and 
Other Plastics Corrosion 
John Delmonte, Furane Plastics, 
Los Angeles. 

Chicago Section. Cost 

Los Angeles Section. 

Detroit Section. Forum 
and exhibit non-destructive 
ing for corrosion control. 

Tulsa Section. 

Section. 

Sabine-Neches Section. 

Panhandle Section. 

Philadelphia Section. 
State the Art. 

sion Prevention 
Coatings, Donald Burke, Philip 
Carey Mfg. Co. held Cin- 
cinnati. 

June 

Central Oklahoma Section Ladies 
Night. 

Shreveport Section, Annual Barbe- 
que. 

San Joaquin Valley Section. 


Schenectady-Albany-Troy 
Oxidation Iron Chromium Alloys 
Birchenall. 


dalers- 
son Joussand’s Restaurant, Baker 


field, Cal. 
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City’s Sewerage System 


ewness 


H.S danger concrete pipe 


ion, 


protected Bitumastic Coatings 


and 
ontrol, 


miles large diameter concrete storm and sanitary Koppers has published helpful brochure sewage plant pro- 


lines were laid link Jersey City’s existing mains tection that’s yours for the asking. Koppers Company, Inc., 
East and West Side treatment plants. These plants, Tar Products Division. District Offices are located Boston, 
1957, have design capacity mgd. Chicago, Los Angeles, New York, Pittsburgh and Woodward, 
maximum life from the concrete pipe used the Alabama. Canada, Koppers Products Ltd., Toronto. 
Clyde Potts Associates, consulting sanitary engineers for 


City Sewerage Authority, specified that the pipe 
This was done the yards the pipe suppliers: Lock 
Pipe Co., and the American Concrete Pipe and Universal KOPPERS BITUMASTIC 
Pipe Companies, now part American-Marietta. COATINGS AND ENAMELS 
applications this coal-tar coating filled and sealed another fine product COAL TAR 
nous increasing its impermeability raw sewage. 


Philip Mr. James Dolan, Superintendent and Chief 


Tar Products Division 


have shown failures the protective coating system Dept. 100-E 
gas attack the pipe.” Pittsburgh 19, Pa. 
adies concrete metal surfaces are exposed sewage Gentlemen: 


sanitary engineers have found that tough, impervious I'd like copy your brochure sewage plant protection. 


coatings solve the problem corrosive attack. 
Name Title 


City. 


Mai- 


Zone 


$$ 


First Showing Corrosion 


Show Slide-Talk Given 


pilot run the slide presentation 
the 1960 Dallas Corrosion Show was made 
before audience members and 
guests Shreveport Section April The 
dinner meeting was held the Captain 
Shreve hotel, Shreveport. 

The slide talk, consisting over 100 
color photographs exhibits the Dal- 
las Corrosion Show was presented 
Huff, Jr, NACE Exhibits manager. 
Dale Miller, editorial assistant for Cor- 
ROSION magazine gave the commentary. 
Among the guests present was Norman 
Hamner, managing editor 

annual barbecue for the afternoon June 
the Texaco Club House. The section 
also considering presenting other plaques 
certificates its past chairmen. 


Permian Basin Section heard 
Edwards, Sr., Superior 
Houston, present a paper on corrosion 
problems, detection and 
tices reducing operations for the 
March meeting. Leonard Villalon 
Halliburton Oil Well Cementing Co., 
Duncan, Okla., gave paper repair 
oil well casing use glass-plastic 
liners the February meeting. 

Greater Baton Rouge Area Section 
meeting for March was paper 
cathodic protection tape coated 
pipeline from Baton Rouge Miami. 
Paper was presented Ralph Pass 
Cathodic Protection Service. 

Tulsa Section had guest speaker 
Freedman Nalco Chemical’s Re- 
search Laboratory talk cooling water 
corrosion problems for the April 
meeting. 

Central Oklahoma Section will hold 
Ladies’ Night meeting, June the 
Tropical Cafeteria Oklahoma City. 
Guest speaker will Mark Weaver, 
who will talk elimination air ac- 

Sudbury Continental Oil 
Company scheduled speak 
oxygen corrosion steel the petro- 
leum industry the May meeting, 
held the Jens Marie Hotel. 


South Central 


Region 


SHREVEPORT SECTION meeting for April 
was color slide presentation the 1960 Cor- 
rosion Show and review technical com- 
mittee meeting the Dallas Conference given 
Frank Therrell (second from left) Inter- 
state Oil Pipeline Company. Section chairman 
Robert Naremore Arkansas Fuel Oil Cor- 
poration presided the meeting. 


North Texas Section scheduled John 
Nee Briner Paint Co., Corpus Christi, 
speak the effect atmospheric 
environment corrosion rates steel 
for the April meeting. 

‘@ 
Houston Section heard Joseph Rench 
Napko Corporation speak com- 
parative testing coatings for the April 
meeting. 

Teche Section had members and 
guests its April meeting. Harry 
Waldrip Gulf Oil Corp., Houston, 
spoke practical aspects production 
corrosion. guest was Cyrus 
Naghshinch the Petroleum 
Corp., Mashur, Iran. studing pro- 
duction and corrosion control methods 
this country. 

East Texas Section heard Marvin 
Reichle Plastic Applicators, Inc., 
Houston, speak use rubber and 
plastic the oil field for the March 
meeting. 

Alamo Section reviewed highlights 
the Dallas Conference for its April 
meeting. Discussion leader was Carl 
Thorn Southwestern Bell Telephone. 

Two films produced International 

Nickel were shown for the March 
meeting. The films were ‘‘Refining 
Nickel From the Sudbury Ores” and 
“Refining Copper From the Sudbury 
Nickel Ores.” 


Plastic Pipe Standard Set 


proposed commercial standard 
flexible polyethylene pipe, incorporating 
minimum wall thickness requirements, 
was approved the Thermoplastic Pipe 
Division the Society the Plastics 
Industry, Inc., its conference held re- 
cently San Francisco. 

The proposed standard also contains 
performance requirements including 
sustained pressure test and environ- 
mental cracking test. The standard has 
been forwarded the Department 
Commerce. 


1960 
May 26-27—NACE Board 


Directors 


Meeting, Rice Hotel, Houston, 


Oct. 6-7—10th Annual Weste 


Conference, Sheraton- Palace Hotel, 


San Francisco, Cal. 


Oct. 6-8—Southeast Region Conference 


Dinkler-Plaza Hotel, Atlant 
Oct. 11-14—Northeast Regio 


Ga, 
Confer. 


ence. Prichard Hotel, Huntington, 


Va. 


Oct. 19-20—North Central Region 
ference. Pfister Hotel, Milwaukee. 
Oct. 25-28—South Central Region 


ference, Mavo Hotel, Tulsa. 


rectors Meeting, Sherman Hotel, Chi- 


cago, 


1961. 
March 
and 1961 Corrosion 


Y., Hotel Statler. 


Show, 


Oct. 4-6—Western Region Conference, 
Hotel Multnomah, Portland, Oregon. 


Oct. 9-11—North Central 


gion Con- 


ference, St. Louis, Chase Park Plaza 


Hotel. 


Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 


Oct. 30-Nov. 2—Northeast Region Con- 


ference, New York City, 
Southeast Region 
Fla., conjunction with 
tion’s short course. 
1962 


tel Statler. 


Conference, Miami, 


q 


March 19-23—18th Annual Conference 


and 1962 Corrosion 
City, Municipal Auditorium. 


Show. 


Kansas 


October 1-4—Northeast Region 


ence, Hotel Sheraton Ten 
bany, N.Y. 

October 9-11—North Centra 
Conference. 

October 16-19—South Centra 
Conference, Hilton Hotel, 
tonio, Texas. 


Eyck, 
Region 


Region 


Southeast Region Conference, Birming- 


ham, Ala. 
Western Region Conference. San Diego, 
Cal. 
SHORT COURSES 
1960 
Symposium Organic Coatings 


Hotel Niagara, Niagara Falls, 


June Annual Appala 
derground Corrosion 
West Virginia University, 
town, Va. 

12-16—Short 
Process Industry Corrosion, 


chian Un- 


Short Course, 


purse on 
sponst re 


NACE Technical Committee 


and Ohio State University, 


held 


Ohio State University, Columbus. 


September 28-30—Central 
Section 1960 Corrosion Con 


Oklahoma 
trol Short 


Course, University Oklahoma, 


Norman. 


October 3-5—Corrosion Control_ Short 


Course, sponsored Weste 
and University California, 
cisco. 
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CHARACTERISTIC 
CORROSION PHENOMENA 


Physical and Mechanical 


PREVENTIVE MEASURES 
5.4 Non-Metallic Coatings and Paints 
5.8 Inhibitors and Passivators 
MATERIALS CONSTRUCTION 
6.2 Ferrous Metals and 
6.3 Non-Ferrous Metals 
Non-Ferrous Metals 
6.6 Non-Metallic Materials 
6.7 Duplex Materials 


CHARACTERISTIC 
CORROSION PHENOMENA 

3.5 Physical and Mechanical 
Effects 


6.3.17, 3.7.3 
Effects Pile Irradiation U,Si. 
Met. Amer. Inst. Mining and 
Metallurgical Eng., 212, No. 758-764 
When uranium-3.8 wt.% silicon al- 
heat-treated produce the 
intermetallic compound U;Si, and 
increases hardness (the mate- 
hecoming very brittle) and electrical 
resistivity—the normal positive tempera- 
negative coefficient. Corrosion- 
unchanged, but cracking 
prevalent because high internal 
the material. The microstruc- 
The results suggest that 
disordering reaction occurs dur- 
18015 


35.8, 5.3.4 

Protection Against Corrosion Fatigue. 
French.) Royez and Pomey. 
Mét., 122-128 (1959) 
Corrosion fatigue, which occurs with 
the Presence soft water, has the ef- 
causing the disappearance the 


fatigue limit; rupture inevitably occurs 
after certain number cycles which 
greater the lower the stress. Paint 
coatings have practically notable pro- 
tective effect; copper plating has cer- 
tain, though very limited beneficial ef- 
fect; electrolytic zinc coating has 
excellent effect followed chemical 
chromating; finally, 
stressing very effective service con- 
ditions not cause the disappearance 
the residual stresses; for this purpose, 
cyaniding and nitriding are particularly 
17834 


Stress Corrosion Cracking Copper 
Alloy Weldments. Phebus. West- 
inghouse Atomic Power Div. Am. 
Soc. Naval Engrs., 70, No. 543-549 
(1958) Aug. 

Definition stress corrosion, factors 
governing it, occurrence stress cor- 
rosion ferrous alloys and non-fer- 
rous alloys and tests for stress-corrosion 
cracking are reviewed. Investigations 
Naval Engineering Experiment Station 
corrosion failures Naval 
aluminum bronze distilling units welded 
inert-gas metal arc process, revealed 
that application post weld annealing 
reduced imternal stresses value 
threshold for stress-corrosion cracking. 


Stress relieving temperatures were 75) 
for Naval brass and 900 for alumi- 
num bronze unit. Cracking copper- 
nickel alloys mentioned. Diagrams 


show stiff-frame assembly used for stress 
Photomicrographs.— 


INCO. 17543 


3.5.4, 3.8.2, 6.2.5, 6.3.10 

Electrochemical and Corrosion Be- 
havior Steel and Nickel Electrodes 
Sulfuric Acid Solutions Subjected the 
Action y-Rays. (In Russian.) Ya. 


Tyuribov. Karpov Inst. Physics and 
Chemistry. Phys. Chem., USSR 


Fiz. Khim.), 32, 2679- 2685 (1958) 
December. 

study 
radiation 
corrosion behavior 
type 18-8 steel and nickel, the 
radiation intensity being 1.5 
sec. For these metals the effective radi- 


was made the action 
electrochemical and 
acid 


olysis components were found 
those with oxidizing properties. was 
established that the effect the radia- 


tion the rate solution the metal 
depends upon its capacity for passiva- 
tion. For easily passivated metals (steel) 
the superposition radiation leads 
decrease the rate, for 
metals (nickel) passivated with difficulty 
increase the rate takes place. The 


presence iron ions solution 
leads increase the oxidizing 
efficiency the radiation. (auth)— 
NSA. 18119 


3.5.8, 

Report Preliminary Stress-Corro- 
sion Cracking Tests Type-347 Stain- 
less Steel Capsules Containing Sodium 
Knolls Atomic Power Lab. 


U.S. Atomic Energy Commission 
KAPL-M-GEG-12, June 18, 1959, pp. 
Available from Office 
Services, Department Com- 
merce, Washington 25, 

Stress corrosion cracking tests 
Type-347 stainless steel were conducted 
636 for periods 1000 hr. with 
and 4-m sodium hydroxide. capsule 
specimen (consisting schedule 
40-pipe and welding caps) containing 
the solutions was evaluated test 
detect susceptibility caustic cracking. 
Stressed U-bend specimens were also 
tested the capsules. Eight out eight 
capsules not stress-relieved after weld- 


ing failed welds welded 
regions transgranular cracking 
approximately 100 hr. Two out four 


capsules with relieved welds failed 
thin wall gage section stress 
level about psi. Corrosion 
specimens exposed for 1425 hr. was 
predominately intergranular. One out 
relieved) failed. The results show that 
as-welded capsule-type specimen con- 
taining 4-molal sodium hydroxide 
636 satisfactory test for de- 
tecting susceptibility caustic cracking. 
18285 


3.5.4, 6.2.5, 8.4.5 

Effects Irradiation Stainless 
Steel-Clad Pellets Helium 
Carbon Dioxide. Gerald Lamale, 
John Gates and Ronald Dicker- 
son. Battelle Memorial Inst. 


Abstracts This Section are selected 
from among those supplied sub- 
scribers the NACE Abstract Punch 


Card Service. Persons who are in- 
terested reviewing all available 
abstracts should write NACE for 
information this service. 


PHOTOPRINTS and/or 
MICROFILM COPIES 


of Technical Articles Abstracted in 
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Atomic Energy Commission Pubn., 
BMI-1335, April 21, 1959, pp. Avail- 
able from Office Technical Services, 
Washington 25, 

Uranium dioxide pellets sealed Type 
316 stainless steel containers with 
helium gas were irradiated helium 
and carbon dioxide thermal fluxes 
Cladding-surface temperatures were re- 
portedly between 1200 and about 1800 
The hot-cell examination performed 
BMI showed that there were obvious 
effects the irradiation the speci- 
men tested helium. However, the 
specimen irradiated the presence 
carbon dioxide exhibited severe clad- 
ding-carbon dioxide reaction 
sible central melting the uranium 
dioxide. Although comparisons between 
pre- and postirradiation data were diffi- 
cult because involved fabrication his- 
tory the specimens, the test did 
further establish the fact that helium 
satisfactory coolant gas for stainless 
steel cladding material temperature 
1200 The data obtained from the 
specimen tested the presence car- 
bon dioxide indicate that tempera- 
tures the range 1600 1800 
Type 316 stainless steel not compat- 
ible with carbon dioxide. (auth)—NSA. 

18379 


3.5.4, 3.4.8, 6.2.2, 3.7.4 

Conditions Fixation Radioactive 
Sulphur the Surface Polycrystal- 
line Iron and Its Relationship Crystal 
Orientation. (In French.) Bernard 
César Libanati and Paul La- 
combe. Compt. rend., 248, 2578-2580 
(1959) May 
surface iron room temperature 
influenced presence oxygen the 
metal surface corrosive medium. 
When the presence oxygen mini- 
mal, the amount deposited func- 
tion crystal 18380 


3.5.4, 8.4.5, 4.7 

Liquid Metal Loops Irradiated the 
ORNL Graphite Reactor and the LITR. 
Parkinson and Sisman. Oak 
Ridge National Lab. Atomic En- 
ergy Commission Pubn., ORNL-2630, 
June 1959, pp. Available from 
Office Technical Services, Washing- 

Liquid alkali metals were circulated 
series structural alloy loops un- 
der reactor radiation high tempera- 
ture. The first these loops was 
lithium-stainless steel (type 316) system, 
and the remainder were sodium-Inconel. 
The lithium-stainless steel loop operated 
1000 with flow fps for 160 
hr, receiving fast neutron dose 
sodium loops operated 1500 the 
in-pile section and 1100 the pump cell, 
with flows 1.5 fps; the duration 
operation ranged from 101 235 hr. 
give fast neutron exposures 1.8 
sodium loop incorporated 
rosion specimen stressed 1500 psi. 
This loop operated between 1070 and 
1270 for 159 hr. flow fps 
through the specimen. The dose ranged 
end the specimen. all loops, cor- 
rosion, any, was less than 0.0005 in. 
effect radiation other than radio- 
activation was found. Mass transfer and 
metallurgical processes attributable 
the operating temperatures were ob- 
served. (auth)—NSA. 18539 
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3.7 Metallurgical Effects 


Titanium-Noble Metal Alloys Greatly 
Heighten Resistance Corrosion. Light 
Metal Age, 17, 14-15, (1959) June. 

Addition small amount some 
noble palladium, for in- 
stance, decreases the rate corrosive 
attack less than 0.01 inches per year. 
This remarkable improvement can also 
achieved small additions most 
the other noble metals—platinum, 
rhenium, ruthenium, iridium, osmium 
has 
nium.—BTR. 18383 


Effects Boron the Carboniza- 
tion Austenite Steel During Anneal- 
ing. (In Russian.) Levitin and 
Syreischikova. Fiz. Metal. Metal- 
loved. (The Physics Metals Metal- 
lography), 308-310 (1959) Feb. Eng- 
lish Translation Journal Available 
from Pergamon Inst., 122 East 55th 
Street, New York 22, New York. 

Data the effects boron chro- 
mium-manganese-nickel steel (with 
nitrogen) intercrystalline corrosion after 
quenching 1100 and annealing 
650 show that boron slows down the 
formation carbide formation the 
austenite grain boundary.—NSA. 18377 


3.7.3, 6.2.2, 3.8.4 

Diffusion and Solubility Hydrogen 
Iron and Extra Soft Steels. (In 
French.) Jacques Plusquellec, Pierre 
Azou and Paul Bastien. Compt. rend., 
248, 1816-1819 (1959) March 23. 

Effect preliminary cold working 
room temperature and the tempera- 
ture liquid air the solubility 
hydrogen low carbon steel was 
studied. Moreover, the coefficient dif- 
fusion was determined using 
spherical samples. (tr-auth)—NSA. 


18488 


Problems Stainless Steel Welding 
Regarding Corrosion. 
(In Czech.) Josef Nemec. Zvaranie, 
No. 74-78 (1959) March. 

After describing various 
ments and their effects welded aus- 
tenitic steel structures such stabilized 
steel 246, detailed draft pro- 
cedures for testing intercrystalline cor- 
rosion resistance the welds 
cated. The three essential ways 
automatic fusion welding (Unter Flux, 
argon- and 
with view attaining perfect stabil- 
ization the weld metal, are compared. 
BTR. 18537 


3.7.3, 6.2.5, 3.2.2, 4.3.2 

Corrosion Welded Stainless Steels 
Acid Solutions. Kurtepov and 
Gryaznova. Inst. Physical 
Chemistry. Metalloved. Termich. 
Obrabotka Metal., No. 41-11 (1959) 
April. Translation Available from Henry 
3rutcher, Technical Translations, 
Box 157, Altadena, Calif. 

Effects thermal treatment the 
argon arc-welded seams were analyzed. 
Specimens were quenched water 
1050 and stabilized 850 for 
hours, then cooled air. Comparisons 
were made with standard untreated 
specimens. Tests were made boiling 


solutions 57% nitric acid for 
hours with solution changes 
hours. Results showed 
treatments lowered the corrosion 
ance. Concentrated 
rosion was observed along the welded 
seams, with the deepest corrosion 
repeated short-period heating 
hours). increased corrosion rate 
was found seams 
acid oxidizing solutions; 
seams show the same 
corrosion after repeated, 
18389 


3.8 Miscellaneous Principles 


3.8.2, 6.4.4 

Anodic Dissolution Magnesium Al- 
loys Aqueous Salt Solutions. Glicks- 
man. RCA Lab., Radio Corp. America, 
Electrochem. Soc., 106, No. 
(1959) Feb. 

The anodic dissolution magne- 
sium alloy has been studied 
measuring corrosion rates and electrode 
potentials functions current den- 
sity, and electrolyte concentration. 
Results are interpreted terms 
rate-controlling 
through surface film magnesium 
oxide and/or hydroxide. 

The effect different alloy composi- 
tions and soluble metal additives the 
electrolyte the anodic corrosion rate 
and electrode potential also 


measured. 17756 


3.8.2, 6.3.11 

Electrochemical Mechanisms Noble- 
Metal/Hydrogen Systems. Part Plat- 
inum. Schuldiner. Naval Research 
Lab. Project Nos. NR-475-000 and NS- 
677-100, Dec. 20, 1957, pp. Available 
from Naval Research Lab., Washing- 

This report the first series re- 
viewing the experimental and theoretical 
findings the electrochemical mechan- 
isms noble-metal/hydrogen systems. 
The kinetic equations hydrogen-pro- 
ducing reactions are derived; experimen- 
tal techniques are discussed, including 
the use electronic current 
rupter developed this Laboratory; 
and results from studies the electrode 
18001 


Electrochemical Behavior Palladi- 
um: Potential/pH Diagrams for the Pal- 
ladium-Water System (In 
and Centre Belge Etude 
Corrosion, Rapport Technique, No. 
1-12 (1957); Chem. Absts., 52, No. 21, 
1812-1813 (1958) Nov. 10. 

ventions together with available 
dynamic data, potential/pH diagram 
water Another potential/pH 
diagram presents the theoretical condi- 
tions passivation, corrosion and 
munity corrosion, Conditions for the 
measure are discussed. The 
ard free-energy formation 
mole.—MA. 


3.8.2, 3.6.5, 6.2.2, 4.4.2 

Adsorption From Solution Stearic 
Acid Iron; Effect Electrode Po- 
tential. Bordeaux and Hacker 


May, 1966 
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man. Phys. Chem., 61, No. 10, 1323- 
1327 (1957). 

Adsorption isotherms for both total 
and irreversible sorption were obtained 
room temperature for the system: 
metallic iron 80% ethanol/water so- 
lutions stearic acid. The isotherms 
were determined using carbon “tagged” 
stearic acid. The effect non-radioac- 
tive stearic acid the steady state po- 
tential iron was determined also. Ex- 
periments were generally run air-free 
systems. these cases the potential 
became more noble about 100 
depending somewhat the temperature, 
being greater higher temperatures. 
Essentially all the potential changes 
before 70% monolayer cover- 
age achieved. the presence oxy- 
gen also the potential change was 2-3 
times great for equal stearic acid con- 
centrations. Application small amounts 
current show that the stearic acid 
polarizes both the cathodic 
anodic reactions, the former slight- 
greater extent.—RPI. 17869 


PREVENTIVE MEASURES 


Metallic Coatings 


Remote Protection Sprayed Metal 
Coatings Steel. (In German.) Harald 
Spindler. Werkstoffe Korrosion, 
No. 278-283 (1958). 

Metal coatings—zinc, aluminum and 
aluminum-5% 
samples, and the protection afforded 
the bare steel was studied and its extent 
measured static and dynamic tests 
natural and synthetic sea-water. al- 
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ternating-immersion tests, remote pro- 
tection was given only criti- 
cal covered uncovered area ratio 
17746 


5.3.4 

Antimony Plating Steel and Zinc. 
Faust. Plating, 45, No. 139-143 (1958). 

Anodic treatment steel 
solution (preferably phosphoric acid) 
iron plating was necessary before con- 
tinuous, adherent antimony deposits 
could obtained from the citrate bath. 
The former improved the corrosion-re- 
sistance antimony-plated steel but not 
that zinc-plated steel. 
mist and air saturated with water 
vapor, antimony-plated steel showed 
superior resistance than 
steel. 
mony copper-plated zine die-cast- 
ings not recommended owing blis- 
tering peeling. The thinner antimony 
immersion the citrate bath showed 
promise alternative chromate 
coatings under outdoor-exposure condi- 
17729 


5.3.4 

New Process for Plating Light 
Metals. Sheridan. Light Metals 
Plating Co. Products Finishing, 23, No. 
46-47 (1958) Nov. 

The Cooper process, new method 
electroplating metals aluminum and 
magnesium makes possible 
deposit, small amount titanium with 
zine aluminum. Although other metals 
also may deposited, this combination 
the one that shows most promise. 
combines excellent properties adhe- 
sion and corrosion resistance hot at- 
mospheres. Aluminum products requiring 
hard chromium surface can plated 
titanium co-deposit the aluminum fol- 
lowed standard chromium plating 
the zinc-titanium layer. This combina- 
tion provides resistance 
well the wear resistance chro- 
mium surface. Process was developed 
Carl Cooper Grass Lake, Michigan.— 
INCO. 17701 


5.3.4, 5.9.1 

Present Position 
(In German.) Machu. Stahl 
Fisen, 77, No. 20, 1374-1383 (1957). 

general review. Aspects dealt with 
include: addition wetting agents 
alkaline baths: relative 
merits anodic and cathodic methods 
electrolytic degreasing; ultrasonics 
cleaning and plating; means improv- 
ing pickling; chemical 
polishing; barrel finishing; improvement 
polishing; bright aluminum substi- 
tute for chromium 17940 


New Process for Hot-Tinning Cast 
(In French.) Thwaites. Me- 
taux-Corrosion-Ind., 33, No. 395/396, 
335-342 (1958). 

direct chloride process (Metal- 
lurgia, 56, 263, 1957) and other hot-tin- 
ning procedures. Mircrographs show the 
effectiveness iron-grit shot-blasting 
removing surface graphite, and the con- 
tinuity the coating. Recent extensive 
bond-strength tests iron give 
average value 17611 


5.3.4, 4.2.7 

Sprayed Electrolytic Zinc Coatings. 
Bourcelot. Metal Industry 
93, No. 22, 453-454 (1958). 


ENGINEERS 


French practice reviewed, 
larly for service countries 
may followed chromium 
treatment and necessary 
resin.—RPI. 1794) 


5.3.4 

Plasma-Arc Plating. New 
Process for High-Temperature 

Presents first data coating 
ties and design parameters for plasma- 
are torch method applying 
from ultrahigh melting point materials 
coatings have been established 
far: tantalum, palladium, platinum 
molybdenum, tungsten, alumina, 
nium diboride and three combinations 
tungsten with additives (zirconia, aly. 
mina and chromium). Table summarizes 
density, Vickers hardness, rupture mod- 
ulus and elastic modulus for tungsten, 
tungsten-chromium and tungsten 
conium 18020 


5.3.4 

Metallic Anticorrosive Coatings for 
Steel Structures. (In Dutch.) 
12, 346-350 (1957) May 18. 

Structure and behavior metal coat- 
ings different media. Methods ap- 
plication, especially hot spraying and 
diffusion zinc, aluminum, and 
cadmium 


5.3.4 

Titanium Coating. Pt. II. Titanium 
Coating Fused-Salt Electrolysis. (In 
Japanese.) Yoshiki Ogawa, Yoshihiro 
Hisamatsu, Kazutaka 
Japan Inst. Metals 
(Nippon Kinzoku Gakkai-Si), 21, 
10, 599-602 (1957). 

potassium chloride and sodium 
electrolyzed under inert atmosphere. 
Better titanium coatings were obtained 
with modulated plain 
D.C. Vickers microhardness 
sion-resistance were with 
those obtained the pyrosol method 


(loc. 17864 


5.3.4, 6.2.2 

Hot Dip Galvanizing Grey Cast 
Iron. (In German.) Debouté. Werk- 
stoffe Korrosion, 10, No. 148-151 
(1959) March. English Translation 
Available Free Request. 

This paper was presented the 
ond congress the European 
tion Corrosion Frankfurt June, 
1958. 

sand-blasted cast iron, using 
ping time 2-3 minutes 450°. Com- 
plete mechanical cleaning the 
necessary. The structure the 
coating discussed and also the 
why faulty coatings are sometimes 


5.3.4, 8.4.5 
Electroclad Aluminum 
John Beach and Charles Faust. 
Battelle Memorial Inst. Electrochem 
Soc., 106, 654-659 (1959) August. 
Electroplating aluminum 
ternative method for aluminum cladding 
uranium fuel elements. Uranium 
troclad with mils aluminum 
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oplate resisted corrosion for more 
100 boiling water. Hot press- 
ing the electroclad composite improv 
the corrosion resistance. Many the 
results obtained with aluminum electro- 
paralleled those obtained with 
aluminum claddings ura- 
nium. 18329 


3.7.4 
Chloride the Orientation 


Nickel Deposits. Banerjee and 
Goswami. Electrochem. Soc., 106, 

Study effects chloride ions 
bath shows that 
generally counterbalance outgrowth con- 
due impurities and favor lateral 

This attributed desorption 
from cathode, which facili- 
electron-transfer process. refer- 
18327 


534, 6.2.5 

Nitration Effects Stainless Steel 
Corrosion Resistance. (In Russian.) 
Andreeva and Ya. Gurevich. 
Obrabotka 
No. 34-40 (1959) April. 
Translation Available from: Henry 
157, Altadena, California. 

4N14H2B2 
(042 percent carbon, 13.75 percent chro- 
mium, 12.6 percent nickel, 
0.5 percent molybdenum, 0.4 
percent silicon and 0.7 percent manga- 
nese) and (0.4 percent car- 
hon, 13.5 percent chromium, per- 
cent nickel, percent tungsten, 0.55 
percent silicon, and 0.55 
were investigated. The 
steel was nitrated 560 for 


than 
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nitrated 600 for hrs. The changes 
nitrated steel corrosion resistance, de- 
pending the depth the layer, cor- 
responds the changes the electrode 
potential. The layers with low corrosion 
resistance and lowered electrode poten- 
tials, found certain depth nitrated 
steels, were composed chromium 
nitrides solutions, impover- 


NSA. 18325 


5.4 Non-Metallic Coatings 
and Paints 


5.4.5, 6.2.3 

Paints for Structural Steel. 
Bradley. American Paint Journal, 43, 
No. 18, (1959). 

The type shopcoat primer must 
considered, with the type and degree 
surface preparation. single type 
painting system can recommended 
being outstanding meeting all the 
specific properties and requirements.— 


RPE 775 


17750 
5.4.5, 3.4.8 

Investigation Anticorrosive Proper- 
ties Surface Coatings for Equipment 
Used Remove Hydrogen Sulphide 
from Gas Means Sodium Arsen- 
ate. (In Russian.) and 
Gazovaya Prom., No. 21-23 
(1957); Chem. Absts., 52, No. 4208d 
(1958) March 10. 

number coatings are discussed, 
such lacquers and resins, which are 
referred only their Soviet trade 
names. The best material 
coating the inside iron scrubbers was 
resin with ferric oxide 

17952 


5.4.5 

Solvent-Free Epoxy/Amine Combina- 
tions Surface Protection. German.) 
Zumstein. Fette, Seifen, Anstrich, 60, 
No. 547-552 (1958). 

The film properties epoxy/poly- 
amide resin combinations 
polyamines, usually the cold, but also 
high temperatures, are reported. The 
amines are characterized possession 
tertiary amino and least one 
phenolic, groups. Alternatively, triethyl- 
ene-tetramine was used. Epoxy resins 
viscosity 100 poises combination 
with polyamide resins provide soft films, 
other film properties being substantially 
unchanged; addition solvent 
epoxy resin employed reduce its 
initially higher viscosity the same 
value, results cured films which are 
hard but susceptible solvent attack. 
Fields application, e.g., primers and 
protective coatings generally, with typi- 
cal formulations are 17673 


5.4.5 

Protective Coatings. Part Francis 
Scofield. National Paint, Varnish and 
Association. Ind. Eng. 
Chem., No. 1479-1481 (1958) Sept. 

Recently, great emphasis 
placed relatively new materials 
binders for coatings, the greatest inter- 
est being epoxy resins. Other coat- 
ings interest are polyurethanes, va- 
review the properties and uses 
these and other new coatings 


17646 


5.4.5 
Anti-Corrosive Coatings for Marine 
Jenkins. Corrosion Prevention 
No. 45-46 (1957) June. 
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Discusses importance surface prep- 
aration, selection proper priming 
paint and recent developments surface 
coatings. coatings based 
dene chloride-acrylonitrile resins, isocy- 
nate resins and epoxy resins, the latter 
hold greatest promise. Catalyzed liquid 
snythetic rubber coatings have excellent 
resistance all types petroleum, jet 
fuels, kerosene and salt 

1076 


5.4.7 

Spray- and Brush-Applied Neoprene 
Coatings. Blackburn. Corrosion 
Technology, No. 77-78 (1959) 
March. 

Where vessels are too complex in- 
accessible for lining with sheet neo- 
prene, application spray brush can 
now carried out, protect new 
used equipment. Applications for this 
form protection, ranging from acid 
agitators marine propellers and rud- 
ders, are surveyed.—RPI. 18318 


5.4.8, 5.4.7 

Properties and Uses Catalytic Coat- 
ings. Howe. Products Finishing, 
23, No. 45-47 (1958). 

Catalytic protective coatings (combina- 
tions vehicles, catalysts 
hibitive pigments) provide combination 
chemical treatment and anti-corrosive 
paint coating one application. The 
coatings are characterized excellent 
resistance salt water, moisture 
humidity, acids and gaseous fumes and 
superior durability, adhesion, speed 
dry and wetting properties. The coat- 
ings may applied brush, spray, 
roller-coat, dip, electrostatic spray and 
flow-coat methods and are useful where 
acid- coatings 
are required. Several case histories illus- 
trating various applications catalytic 
coatings are 18131 


5.4.8, 3.3.4 

Science for the Coatings Technologist. 
Pt. Additives—Mildewcides 
(Metallic Compounds Additives) 
(1, 2). Beck. Metal Finishing, 57, 
Nos. 54-57; 65-68, (1959). 

(1). The extent the problem the 
growth micro-organisms paint 
packages and films discussed. Formu- 
lation modifications tend have other 
unfavorable effects and additives must 
used. The most common are mercury 
copper and phenolic compounds. (2) 
The uses these compounds fungi- 
cides are 18245 


5.4.8 

Silicone Resins Surface Coatings. 
Goddard and Mason. Paint 
Manufacture, 29, May. 

Resistance heat, chemicals and 
weathering exhibited silicone resins 
can acquired paints which they 
are incorporated. Selection suitable 
resins, pigments and driers essential 
obtain the best 18314 


5.8 Inhibitors and Passivators 


3.2.3 

Effect Inhibitors the Corrosion 
Iron the Air-Formed Film. 
Hancock and Mayne. Chem. 
Soc., (London), 1958, 4172-4175, Nov. 

Effect 0.1 sodium benzoate, ace- 
tate, borate, carbonate 
the air-formed film pickled mild 
steel, pickled hydrogen reduced iron, 
was determined electrometrically. The 
film was reinforced and thickened 


material similar composition 20- 
120 percent, depending the inhibitor 
and surface 18177 


5.8.1, 4.3.2 

Effect Urotropin Corrosion 
Steel. (In Ukrainian.) Afanas’ev, 
Ukrainskii Khimicheskii Zhurnal, Aka- 
demii Nauk Urainskoi SSR, 25, 73-80 
(1959) Jan. 

Urotropin (hexa-methylene-tetramine) 
weak concentrations anodic in- 
hibitor acid corrosion, while strong 
concentrations stimulates corrosion. 
Corrosion losses 0.2N sulfuric acid 
were considerably decreased the use 
urotropin acid inhibitor. ref- 
erences.—RML. 18238 


Effects Inhibitors Iron Corro- 
sion. Grubitsch and Sneck. 
French: Corrosion Anticorrosion, 
No. 153-161 (1959) April; Ger- 
man: Teknillisen Kemian Aikakauslihti 
(Helsinki), 16, 203-216 (1959) April. 

Urotropine acts anodic inhibitor 
neutral solution and cathodic 
inhibitor acid solution. Ethyl quino- 
line iodide scarcely acts 
medium, but powerful anodic inhibi- 
tor acid medium and lesser 
degree cathodic inhibitor. 
case studied, the inhibiting anodic effect 
rests decrease the strength 
the local current.—BTR. 18294 


Inhibition the Corrosion Iron 
Neutral and Alkaline Solutions. Pt. 
Applied Chem., Pt. 345-352 (1959) 
July. 

Potentials which iron converted 
into anhydrous cubic oxide certain 
inhibitive solutions were measured and 
shown that these potentials are 
more negative than potentials acquired 
unpolarized specimens immersed 
solutions for days. suggested that 
when iron, carrying its air-formed film, 
placed inhibitive solution, satu- 
rated with air, corrosion current con- 
centrated weak spots oxide film 
and these points potential conse- 
quently raised that which anhy- 
drous cubic oxide 
formed film thereby thickened and 
corrosion prevented. When in- 
hibitive solution exceeds anhydrous 
cubic oxide may also 
interaction anodic product, ferrous 
hydroxide, with atmospheric oxygen. 
This explanation inhibition has been 
extended account for corrosive nature 
pure water, effect concentration 
inhibitor, dual role oxygen and effect 
oxygen efficiency non-oxidizing 
inhibitors. Tables, graphs, references. 
—INCO. 18249 


Effect Ions the Protective Ac- 
tion Phosphate Corrosion Inhibitors. 
Chen. Applied Chem., USSR 
Priklad. Khim.), 32, No. 1523- 
1528 (1959). English 
Journal Available from Consultants 
Bureau, Inc., 227 West 17th Street, New 
York 11, New York. 

Study using radioactive tracers dem- 
onstrated the importance adsorption 
the action inhibitors. tables, 
references.—ATS. 18304 


5.8.4 
Protective Action Corrosion In- 
hibitor Mixtures Neutral Atmos- 


pheres. (In Russian.) and 
Priklad. Khim.), 32, 141-149 (1959) 
English Translation Journal 
able from Consultants Bureau, Inc 
West 17th Street, New York 
York. 
Effects atmospheric and 
corrosion steel sodium nitrite, 
con-nitride; triethylamine, sodium 
phosphate, emulsions used 


5.8.4, 6.2.2 

New Investigations the Field 
Vapor Phase Inhibitors. (In 
Leo Cavallaro and Giorgio 
(1959) July. 

Protection cast iron data 
film forming and 
inhibitors such morpholin ethylamine 
octadecylamine 
nitrite and sodium 


5.8.4, 4.6.5, 4.6.6 

Sodium Salicylate Corrosion In. 
hibitor Neutral Media. (In 
Applied Chem., USSR (Zhur. 
Khim.), 32, 1071-1076 (1959) May. Eng- 
lish Translation Journal Available 
from Consultants Bureau, Inc., 227 West 
17th Street, New York 11, New York. 

retards corrosion dis- 
tilled and tap water for many steels. 
Minimum protective concentrations are 
given together with 
tures. 18220 


5.8.4, 6.3.19 

Chromic Acid Passivation Zinc 
with the Chromic Acid Ester 
ary Butyl Alcohol. Cerveny. Coll. 
Czech. Chem. Communications, 
1400-1407 (1959) May. (In German.) 

Samples galvanized steel sheet ex- 
posed vapors the passivation agent 
under reduced air pressure. Corrosion 
resistance depends the time the sam- 
ples are exposed the agent. 
ences.—RML. 18336 


5.9 Surface Treatment 


5.9.4, 6.3.8, 3.8.4 

Anodic Oxides Lead. Jeanne 
bank. Electrochem. Soc., 106, No. 
369-376 (1959). 

After anodizing pure lead constant 
anode potential with 
varying from —0.63 14.5, the 
ant oxides were identified X-ray and 
electron diffraction. Areas occurrence 
and dioxide, red and yellow 
lead monoxide and PbOx (1.5 
1.6) were determined functions 
and potential. The intermediate oxides 
PbOx are not direct anodic oxides, but 
are formed result chemical 
tions. also shown that a-lead 
ide the low-temperature form and 
—MA. 


5.9.4. 

Chromate and 
for Corrosion Protection. Pt. 
Fishlock. Corrosion Prevention 
trol, No. 42-46, (1959) Aug. 

Discusses general principles chro- 
mate and phosphate coatings, 
acteristics and properties 
the many treatments developed for 
copper-base alloys, silver, 
chromium, magnesium, ste 
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M ay, 1 960 


steel. 
Iridite, Atram OS, 
RAE, 
17, New Chrome and Alocrom. 
Solution compositions 


are 18296 


and Amorphous Phosphat- 
ing. (In French.) Bayon. Corrosion 


phosphating gives crys- 
coating and weight-in- 
amorphous phosphating (passi- 
vation) involves suriace transtormation, 
vantages each, and the composition 
and behaviors the agents used, are 
and 


Anodizing Aircraft Fuel- 
Metering Components. Harold Wies- 
ner and Henry Meers. Tech. Proc. 
Electroplaters’ Soc., 45, 105-117; 
166-168 (1958). 

Production both thin and heavy 
coats the same component 
described; heavy anodizing baths are 
sulfuric acid and oxalic acid, 
the thin coating baths nickel acetate, 
area controlled the use 
parallel circuit anodizing 
bar. Quality control based 
thickness, hardness finish; 
methods for thickness determinations 
are compared. The required operating 
voltage increased higher sulfuric 
acid concentration and lower bath tem- 
perature. High-copper alloys are coated 
containing 385 sulfuric 


59.4, 6.4.2, 5.3.4 

Hard Anodize, Hard Chrome Alu- 
Myron Miller and Bill Full- 
mer. Western Metalworking, 16, No. 
11-24 (1958). 

Hard anodizing process described 
the application relatively thick, hard 
oxide surface aluminum. 
Thickness varies from 0.5 4.0 mils. 
The “hard-chrome” process consists 
two methods; (1) bonding chromium 
amechanical interlocking effect alu- 
previously roughened etching 
porous anodizing under spe- 
conditions, and (2) cleaning base 
netal, followed hard-chromium plat- 
either over intermediate coatings 
the base metal. Zine immer- 
often used give the interme- 
New processes based 
principles are described 
trated 18138 
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New Method Phosphating Metals. 
Drazic. Zastita Materipala, No. 
(1959) Jan. 

Author discusses recently developed 
phosphating which are more 
and employ the 
The processes are electro- 
using either alternating direct 
Several modifications phos- 
solutions are given together with 
temperatures employed, currents, 
and running. One method for 
the cold uses nitrate 
with manganese phosphate, so- 
fluoride and sufficient zinc oxide 
18262 
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5.9.4, 6.3.19 

Anodic Oxidation Zinc and 
Method Altering the Characteristics 
the Anodic Films. Fry and Mar- 
jorie Whitaker. British Non-Ferrous 
Metals Research Assoc. Electrochem. 
Soc., 106, 606-611 (1959) July. 

Preliminary work anodizing zinc 
variety alkaline solutions led 
some smooth white gray films. de- 
tailed study was made the anodic 
oxidation and zine alloys one 
electrolyte the results which suggest 
similarities but also 
between anodic films aluminum and 
Autoclaving silicate solutions 
improved the resistance corrosion 
and abrasion and changed the chemical 


OIL WELLS PROTECTED 


composition the anodic films without 
altering their appearance greatly. 18313 


MATERIALS 
CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.2.2 

Selection Alloys for Corrosion Re- 
sistant Service. Bryan. Metal 
Progress, 74, No. 102-105 (1958) Dec. 

Factors that should considered 
the selection alloys for corrosion- 
resistant service are discussed. Charac- 
teristics the corrosive environment, 
mechanical properties and metallurgical 
structure are some the factors that 
are considered. The discussions are lim- 


FROM CASING CORROSION 


major company operates oil wells field Coke County, 
West Texas. When external casing corrosion became problem, 
was decided protect the wells cathodically. CSI was given 
engineering and turn-key installation contracts competitive 


CSI determined the current required for protection each well, 
using the “log current potential method” developed and patented 
CSI engineer. Current requirements were verified down- 


the-hole potential 


supply the current. 


Then CSI installed rectifiers 


Recently CSI was recalled—again competitive basis— 
protect the other wells. CSI again installed rectifiers. 
CSI also submitted report covering all installation data, and 
instructed company personnel the operating the rectifiers. 


You can benefit from the expert engineering and installation serv- 
ices offered CSI engineers—who helped pioneer cathodic pro- 
tection for pipe lines, well casing, tank bottoms, etc. CSI also offers 
quality supplies for both rectifier and magnesium anode installa- 


tions. Call write today. 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 
General Office, Tulsa, Okla. 
Mailing Address: 


Box 787, Sand Springs, Okla. 


Tel. Circle 5-1351 
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ited mostly the performance iron- 
and 
iron-chromium-molybdenum alloys 
corrosion-resistant 18023 


Study Ductile-Brittle Transition 
Temperature Some Low-Alloy Steels. 
(In Russian.) Sanina and 
Timofeev. Metalloved. Obrabotka 
Metallov, No. 57-58 (1958) August. 
Translation Available from Henry 
Technical Translations, P.O. 
Box 57, Altadena, Calif. 

Search for inexpensive structural steel 
temperatures. Steel compositions tested 
and compositions recommended for use. 
Effect heat treating subsequent hot 
(0.015 percent phosphorus) upon 
critical transition temperature. Results 
tests for weldability; data elec- 
trodes best suited; particulars coat- 
ing composition; impact strengths 
welds, after welding and after straining 
lowed part tempering. figures. 
—HB. 17776 


6.2.5, 8.4.3, 3.2.2 

Plant Corrosion Test Stainless 
Steel Petroleum Refining Unit. (In 
Japanese.) Yahiko Kadono. Corrosion 
Engineering, No. 7-9 (1959) Feb. 

Plant corrosion tests stainless steel 
were performed petroleum refining 
unit. The results showed: 

Poor corrosion resistance 4-6 
chromium steel. 

2.13 chromium steel 
mium-nickel steel withstand almost all 
the environments encountered the re- 
fining unit. 

The environments favorable pit- 
ting corrosion stainless steels were 
investigated, 

AISI Type 316 stainless steel offers 
the least resistance pitting corrosion. 


17634 


6.2.2, 3.2.3, 4.6.2, 3.7.2 

Growth and Scaling Characteristics 
Cast Irons Air and Steam. 
Gilbert. Britist Cast Iron Research As- 
soc., Res. Rept. 502. Res. Dev., 
No. 10, 478-566 (1959) Feb. 

Growth and scaling results air 
temperatures 500 for periods 
weeks, and steam tempera- 
weeks, are reported for cast irons. 
These included flake graphite cast irons 
(some nickel), nodular 
graphite cast irons (nickel containing) 
and blackheart malleable cast iron. 
Tensile and hardness tests were also 
carried out specimens subjected 
growth tests. Results show that cast 
iron structurally stable and not sub- 
air and steam for periods 
test. appears from results that present 
limiting temperatures 232 for cast 
iron steam applications too low and 
appears more realistic tem- 
perature. Short-time high-temperature 
tensile results all materials are given 
supplement growth data. Influence 
alloying elements flake graphite irons 
(carbon, manganese, sulfur, phosphorus, 
chromium, nickel, molybdenum, tin and 
arsenic) and nodular irons (silicon, 
chromium, molybdenum, tin, copper, 
arsenic, tungsten, vanadium and boron) 
growth, scaling and mechanical prop- 
erties covered. Tables, graphs.— 


INCO. 17715 
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Adsorption Hydrogen the Dis- 
solution Iron. (In German.) Caval- 
Werkstoffe 10, 81-86 
(1959) February. 

Results from iron sheet sam- 
ples dissolved hydrochloric acid indi- 
cate correlation between the quality 
hydrogen adsorbed from the iron and 
the dissolution speed. 
18328 


High-Temperature Corrosion Met- 
als Vanadium Oxide. Pt. Mechani- 
cal Properties and Behavior Iron- 
Aluminum-Titanium Alloys. Italian.) 
Burdese and Gallo. Metallurgia 
Italiana, 51, 65-71 (1959) Feb. 

Effect increasing aluminum content 
oxidation resistance iron pres- 
Properties compared with those com- 
mercial superalloys, particularly the re- 
fractory “Thermenol.” Addition small 


quantities titanium and 
iron-aluminum 
manutacture and decreases costs, im- 


proves forgeability and mechanical prop- 
erties and produces finer grain than 
molybdenum additions. Titanium par- 
tially segregated carbide. ref- 
erences.—RML. 18257 


New Stainless Better Than Type 316. 
Norden. Chem. Eng., 65, No. 
194, 196 (1958) Dec. 15. 

Improved stainless, AISI with 
superior corrosion resistance strongly 
bidding replace, Type 316 chemical 
process equipment. New composition 
creased chromium contents 
insure better over-all 
ance and increasing minimum content 
molybdenum boosts corrosion resistance 
acids. This composition has been ap- 
proved ASME Boiler and Pressure 
Vessel Committee for direct replacement 
Type 17504 


6.2.5, 8.9.1, 5.4.8 

Corrosion Prevention for Polaris. 
Slaughter. Lockheed Missile Systems 
Astronautics, No. 12, 38-39, 64- 
66, 68, (1958) Dec. 

Special protective finishes, corrosion- 
resistant materials 
provide capability for withstanding ex- 
tended periods constant readiness 
during storage stowage Polaris 
the use more unique material 
combat corrosion under circumstances 
demanding excellent high-strength prop- 
erties the precipitation hardened 
steel pressure vessel. 
addition excellent fabricating and 
mechanical properties, displays corro- 
sion-resistance the hardened condition 
approaching that conventional 18-8 
stainless materials. Potting and embed- 
ding compounds and resins, plus mois- 
ture and fungus resistant coatings, are 
used prevent corrosive deterioration 
electrical and electronic wiring, circu- 
itry and components. Photos.—INCO. 

17743 


62.5; 3.7.3, 845 

Welding Stainless Steel which Con- 
tains More than Boron. Nicholas 
Balai. Minutes the Seventh Annual 
Atomic Energy Commission Welding 
Conference, Chicago, Illinois, Nov. 6-8, 
1957. Argonne National Lab., 


Atomic Energy Comm. 

(p. 15-31), 1957, pp. Available 
Box 299, Lemont, 
Stainle 
steels, cast and wrought, are 
ized, and welding these materials 
mental control rod sections, 
tal Boiling Water Reactor control 
Experimental Boiling 
pressure vessel thermal shield and 
Corrosion irradiation test 
data are given.—NSA. 
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6.3 Non-Ferrous Metals 
and 


Grain Size and Age-Hardening 
Gold-Platinum Alloys. 
Metall, 12, No. 612-619 (1958); 


Oct. 
age-hardening gold-platinum alloys 
for use spinnerets the rayon indus. 
try .was investigated. Following alloys 
platinum-gold, platinum-gold, 
0.5 
Alloys with 25-50 
num, after severe cold deformation and 
annealing 1000 for hours, still 
exhibit grain segregation, the platinun- 
rich phase occurring with 
structure. Grain size alloy depends 
the distance between these dendrites. 
Rhodium additions are not necessary 
pendent only the correct choice 
cooling conditions leading 
geneous structure when cast. Hardness 
increases with tempering 
time and then falls. the 
alloys, which are those used spinnere 
alloys reac 
dium-containing alloys, with the excep- 
tion the platinum alloy. 
homogeneous state, the 
than the binary alloy and the 0.5 
um-30 platinum alloy has about 
hardness. The platinum 
alloy cannot obtained homogene- 
ous form. Tensile strength behaves 


6.3.13, 4.7 

Corrosion and Creep Behavior 
Tantalum Flowing Sodium. 
Raines, Vernon Weaver and 
Stang. Battelle Memorial Inst. 
Comm, Pubn., BMI- 
1284, August 21, 1958, pp. 
Washington, 

commercial 
tantalum high-purity flowing 
from 700 1200 the effect 
sodium exposure on the creep strengtll 
tantalum 1200 were investigated. 
The tests were conducted 
convection flow 
Type 316 stainless steel. With 
ously gettered sodium systems (probably 
containing less than 
operating for periods days 
weight losses sustained 1200 
mens corresponded only about 
mil metal removed per year. 
num weight losses, encountered with 
continuously cold-trapped (about 
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Schmid 
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1960 


sodium system, were equivalent 
mils per year for 1200 
For the most part, metallo- 
examinations revealed dele- 
corrosion effects; however, one 
group tubing spec- 
‘mens suffered severe intergranular 
sodium with about ppm 
the corrosion tests 
about the partition inter- 
particularly oxygen, the 
system. Oxygen, for 
showed tendency for migra- 
jon from tantalum 
considerably stronger than would 
data available. the creep ex- 
periments, the oxygen content the 
continuous gettering. general, 
results demonstrated that sodium 
1200 had very little, 
any, effect on tantalum creep strength. 
data necessary establish this 
were obtained supplementary helium- 
creep tests. (auth)—NSA. 
17810 


oxygen) 
about 


63.17, 3.5.4 


Corrosion Irradiated Uranium 
Sherman Greenberg. Argonne Na- 
tional Lab. Nuclear Sci. 159 
1959) Aug. 

Asa result heat treatment under 
exhibited corrosion rates 260 
Cin initially pure water low 1880 
Rates are based origi- 
exposed NSA. 18364 


63.14, 3.6.8, 5.8.1 

Effect Sodium Pyrophospate 
Polarization and Corrosion Tin. 
and Riad. Cairo Univer- 
Cairo, Egypt. Electrochem. Soc., 
106, 926-929 (1959) Nov. 

Corrosion rates and corrosion poten- 
have been measured for tin eight 
acid, alkaline and neutral solu- 
The corrosion potential, measured 
the saturated calomel electrode, 
found increase toward more 
potentials with increase con- 
has been observed that 
rate and increases the corro- 
potential toward more active values. 


pyrophosphate added. Ca- 
and polarization measure- 


have been carried out 
explain the function so- 
pyrophosphate corrosion in- 
The results have been compared 


previous work the inhibition 


polyphosphates. 18254 


3.8.4 

Oxidation Titanium Metal and Ti- 
Alloys. Masao Adachi 
Tokuzo Tsujimoto. Trans. Nat'l. 
Inst. Metals, No. 32-38 (1959). 
determined the oxidation 
1-8 percent aluminum 
907-1041 and found that the 
except for the alloy containing 
rate law after 100 minutes 
Oxidation products were exam- 
microscope and X-ray photo- 
Scales consisted, for the most 
titanium dioxide. The experi- 
reoxidation oxidized speci- 
showed that the thickness tita- 
dioxide was the rate controlling 
oxidation diffusion mecha- 


CORROSION ABSTRACTS 
nism. The experiments marker 
showed that titanium diffused 


through titanium dioxide layer from the 
metal-oxide interface the oxide-gas 
18331 


6.3.20, 4.6.2, 3.5.4, 3.2.2 

Oxidation and Corrosion Zirconium 
and Its Alloys. Pt. Destructive In- 
ternal Oxidation Zircaloy-2 Steam 
Under Irradiation 300 Alcock 
and Cox. United Kingdom Atomic 
Energy Authority. Research Group. 
Atomic Energy Research Establishment, 
Harwell, Berks, England, C/R-2826, 
Feb., 1959, pp. Available from The 
Information Service, Rocke- 
feller Plaza, New York, New York. 

Destructive localized attack Zirca- 
loy-2 has been observed and reproduced 
steam under irradiation 300 


BEPO. Despite visual similarities with 
the rapid hydriding attack Zircaloy-2 
observed Chalk River, metallographic 
examination has failed reveal any 
unusual accumulation hydride the 
metal. Possible explanations this phe- 
nomenon are discussed and the future 
program outlined. 18203 


6.3.20, 3.22 

Summary the Work Associated 
with the Solution and Understanding 
Stringer-Type Corrosion Zircaloy-2 
and -3. Goodwin, Rubenstein, 
Grozier and Shubert. West- 
inghouse Electric Corp. Atomic 
Energy Commission Pubn., WAPD-212, 
April, 1959, pp. Available from Of- 
fice Technical Services, Dept. 
Commerce, Washington 25, 

This report summarizes the work per- 


your first cathodic protection system. 


This year your 25th anniversary. It’s twenty-five years 
since you asked for corrosion prevention. It’s twenty-five 
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new equipment brought automation cathodic protection. 


working now give you even greater value, even better service for 
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formed eliminate stringer-type corro- 
sion from Zircaloy-2 and Zircaloy-3. 
The investigation included study 
the melting and fabrication variables 
the alloys. Metallographic and thermal 
treatment studies identified the problem 
inert atmosphere melting. Based 
this worka stringer formation mecha- 
nism has been postulated. 

1837 


6.3.20, 3.4.6, 3.7.3 

Properties and Processing Zirco- 
nium and Zirconium Alloys. 
man.) Anderko and Hess. 
Metall, 13, 638-643 (1959) July. 

brief review given the chemi- 
cal, physical and mechanical properties 
zirconium, Zircaloy-2, and zirconium- 
niobium alloy. The reaction the metals 
and alloys with atmospheric gases and 
hydrogen described. The conditions 
for heat and cold working are discussed. 
Heat treatment the metal and alloys 


18345 


6.4 Non-Ferrous Metals 
and 


6.4.2, 3.7.2 

Effect Degree Purity Proper- 
ties Aluminum. (In German.) 
Brenner. Galvanotechnik, 50, 205-209 
(1959) April 15. 

Aluminum shows increase cor- 
rosion resistance proportion in- 
crease its purity. The influence 
silicon additions very small compared 
with that copper. Zinc 0.4 per- 
cent does not affect the corrosion re- 
sistance aluminum. Stress-corrosion 
alloys may 
diminished heat treatment, re- 
tarded cooling and additions chro- 
mium and vanadium.—RML. 18212 


6.4.2, 4.6.1 

Corrosion 1100 Aluminum Boil- 
and Loess. Argonne National 
Lab. Atomic Energy Commission 
Pubn., ANL-6015, July, 1959, pp. 
Available from Office Technical 
Services, Dept. Commerce, 
Washington, 

After initial exposure period, cor- 
rosion rates 1100 aluminum are ap- 
proximately the same water and deu- 
terim oxide 100 More corrosion 
was observed during the initial exposure 
period water, but possible that 
this only reflection the difference 
control the purity the test water. 
(auth)—NSA. 18330 


6.4.2, 4.6.5, 4.3.6, 2.3.9, 5.8.2 

Corrosion and Passivation Metals 
Observed with the Aid Paper 
Chromatographic Electrophoresis. (In 
German.) Frasch. Werkstoffe Kor- 
rosion, 10, No. 219-226 (1959) April. 

water, tap water and sodium chloride 
solution was studied using the tech- 
nique paper chromatographic electro- 
phoresis. Sodium chromate and sodium 
nitrate added tap water have total 
passivating effect aluminum, while 
disodium hydrogen phosphate provides 
absolute inhibition. Added sodium 
chloride solution sodium chromate 
almost perfect inhibitor, only slightly 
less effective than di-sodium hydrogen 
phosphate. Sodium nitrate, the other 
hand, seems further the corrosion 
aluminum salt 18295 


84a 


6.4.2, 1.3 

Aluminium and Its Alloys 1958: 
Some Aspects Research and Techni- 
cal Progress Reported. Elliott. Metal- 
lurgia, 59, Nos. 352, 353; 79-85; 109-116 
(1959) Feb., Mar. 

Attention drawn work published 
England and the U.S.A. (222 refer- 
ences), reporting research and technical 
progress during 1958 the various as- 
pects the metallurgy aluminum 
and its alloys, 
founding, fabrication, constitution, prop- 
erties and standardization. Reference 
also made interesting applications 
these 18350 


6.4.2, 3.6.6, 3.4.9, 5.8.1, 5.4.5 

Corrosion Aluminum and Its 
loys When Contact with Non-Metallic 
Materials. FitzGerald-Lee. Corrosion 
Technology, No. 185-188 (1959) 
June. See Automobile 49, 
No. 215-217 (1959) June. 

Outlines some guiding rules and prin- 
ciples for preventing effects corrosion 
when aluminum used with wide range 
materials, including concrete, cement, 
plaster, soils, timber, adhesives, mastics 
and insulating materials. Importance 
preventing moisture 
stressed. Advantages ‘using corrosion 
inhibitors are reviewed and paint sys- 
tems for aluminum are discussed.— 
INCO. 18286 


6.4.2, 3.6.6, 4.6.5, 4.6.6, 8.4.5 

Behavior Aluminum Galvanically 
Coupled Ferrous Alloys Water 
200 Belouin. Knolls Atomic 
Power Lab. Atomic Energy 
Commission Pubn., KAPL-M-DCB-3, 
March, 1959, pp. Available from Of- 
fice Technical Services, Dept. 
Commerce, Washington 25, 

Corrosion characteristics carbon 
steel, stainless steel and aluminum 
vanic couples were examined after eight 
weeks immersion deoxygenated, de- 
ionized water and tap water, both 
200 These tests were run at- 
tempt obtain information pertinent 
the SAR fuel element transfer cask de- 
sign. (auth)—NSA. 18340 


6.4.2, 4.6.7, 8.4.3 

Aluminum Withstands Corrosive Ef- 
fects Maracaibo’s Warm, Oxygen- 
Rich Waters. Dalrymple. Oil 
Gas J., 57, No. 38, 84-87 (1959) Sept. 14. 

Aluminum pipelines and drilling 
tures alloys 6061 and 6062 show only 
minor corrosion from the water line 
30-40 ft. below and are virtually free 
attack under this zone and into the mud 
the lake bottom. Installations are 
Creole Petroleum Corp., Superior Oil 
Co. Venezuela, and Signal Oil Co. 
Venezuela Lake Maracaibo, where 
the water warm and oxygen-rich. Gal- 
vanic couples between aluminum and 
steel accelerate aluminum corrosion. Un- 
protected steel liner pipe 
corroded the water but not the 
mud. 18359 


6.4.4, 5.4.5, 5.9.4 

Protection Magnesium Alloys. 
Higgins. Chemistry and Industry, 
No. 49, 1604-1612 (1958). 

General corrosion behavior and meth- 
ods protecting magnesium are de- 
scribed. The fluoride-anodized surface 
makes excellent paint base. with 
most metals, priming coat usual and 
one with leachable chromate used 
reinforce the passivating effect the 
chemical chromate film. Meticulous 
cleaning surface, especially degreas- 
ing, essential for good results. Other 


things being equal, stoving paints 
better protection than air-drying paints 
The thicker the paint film the 
the number coats, the better the 
tection. 
painted soon after the surface has 
the anodized chromated 
while still warm epoxy resin 
tion, stoved the process 
twice more; primer and finishing 
tem may applied over this whey 
necessary.—RPI. 


6.6 Non-Metallic Materials 
6.6.4, 3.5.4, 8.4.5 

Oxidation Graphite During 
Tomlimson and Wright. United King. 
dom Energy Authority, 
search Group. Atomic Energy Research 
Establishment, Harwell, Berks, 
land. AERE-C/R-1450, April, 
pp. Available from British 
York, New York. 

Apparatus procedure are 
scribed which were used measure 
rapidly very low rates carbon dioxide 
evolution from samples reactor 
ite oxidizing 300 during 
irradiation (~2 10” neut 
stream oxygen the reactor 
The normal thermal oxidation 
rate measured outside the reactor, 
300 means the carbon dioxide 
produced was equivalent 0.59 percent 
weight loss per 1000 days, which agrees 
with past measurements weight loss 
higher temperatures. There were 
dications that this temperature the 
thermal oxidation rate was enhanced 
about order magnitude result 
neut either direct consequence 
radiation damage the graphite, 
sequel other radiation induced 
reactions. lower temperatures, ther- 
mal oxidation rates, whether enhanced 
through previous irradiation not, were 
induced reactions completely 
ent nature. The rates carbon dioxide 
evolution during irradiation showed 
complex dependence upon the 
pressure, flow and the volume the 
irradiated gas space upstream the 
graphite. The results 
terms the radiolysis oxygen 
form ozone, partial reversion ozone 
oxygen and the attack 
ozone the graphite. 


6.6.4, 8.4.5 

Compatibility Problems the Use 
Graphite Nuclear Reactors. Robert 
Carter. North American Aviation, 

Artificial graphite has long 
use thermal reactor moderator 
dium. Its advantages lie its low cost 
its machineability, its moderate 
reactivity and its metallurgical stability 
respect any common 
except air. Interactions with 
structural media begin 
some only temperatures above 
are achieved. compatible with 
wealth other moderator media 
incidental core materials. 


18321 
6.6.5, 4.3.3, 3.4.8, 3.2.2 
German.) Anton Baumel and 


May, 1960 


417-428 
rept 
reinforce 
osed 
solution 0 
ance 
the 
jons destr 
and local 
ences. 


6.6.6, 3.4.9 
Effect 
Strength 
Soc., 41, 

Nov. 
their effec 
body con 
phere, vac 
ganic 
moisture 
ings; 
strength 
sion glaze 
tection aff 


6.6.6, 5.4.2, 

Ceramic 
Eng. 

Protecti 
tion, ther 
insulation 
among 
Other dev 
sil 
metal 
ments anc 
formation 


5.4.5 
Protecti 
Neoprene. 
nology, 
Survey 
the protec 
compound 
some 
which the 


Thoria 
Handwerl 
Soc, 59th 
Thoria 
metal fibe 
percent 
ance. to 
thoria alo 
gave the 
porating 
ela 
strengths 
tho 
the best 
but, owin 
tracks, 
longed 
phere 


3.7.4 

Iny 
Firth 


- 
: 
1 
q 
sty | 
| ie 
; 
| 
aby 


paints, 
the pro- 
Ould 
1as been 
Ise pre- 
Sin solu. 
repeated 
Ing Sys- 
when 
5 


King. 
ty. Re. 


1959, 
New 


are de- 
dioxide 

during 
reactor 
ctor, at 
dioxide 
percent 
agrees 
ght loss 
were 
nced 
result 
induced 
ther- 
nhanced 


lot, were 


of the 
of the 
ozone 
residual 


Use 


obert 


on, 


itor me- 


stability. 


medium 


trouble- 
600 
with 


18321 
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Engell. 
(1959) July. 
reproduce processes occurring 
saturated calcium hydrox- 
ide solution with the 
ance passivation observed. 
the presence given amount 
destruction the passivation layer 
and local corrosion take place. 


18259 
3.4.9 


Selected Ceramic Composi- 
tions. Smothers. Am. Ceram. 
41, No. 11, Pt. 440-444 (1958) 
Nov. 

Study properties glazes and 
their effect strength certain glaze- 
body combinations; atmos- 
phere, vacuum, certain gases, glaze, or- 
liquids coatings and coatings 
with water; strength 
moisture air and with water coat- 
ings; suggested great part 
strength imparted so-called compres- 
sion glaze may due moisture pro- 


tection afforded 18162 
6.6.6, 5.4.2, 6.7.2 
Ceramics. John Lemmon. Ind. 


Eng. Chem., 50, 1433-1437 (1958) Sept. 

Protection metals against oxida- 
tion, thermal insulation electrical 
insulation elevated temperatures are 
among the applications ceramics. 
Other developments include information 
concerning new systems, nuclear fuels, 
silicon applications and ceramic- 
metal combinations. These new develop- 
nents and consolidation older in- 
are 18190 


5.4.5, 5.4.3 

Protective Coatings and Linings 
Neoprene. Blunn. Corrosion 
nology, 67-70 (1959) March. 

Survey neoprene materials used 
the protective coatings and lining fields 
and sheet neoprene, caulking 
compounds, putties and adhesives—and 
the practical applications 
which they have been put.—BTR. 18216 


6.7 Duplex Materials 


672 
Reinforced Metal Fibers. 
Handwerk. Paper before Am. Ceramic 
Annual Meeting, Dallas, May 
Am. Ceram. Soc. Bull., 38, No. 
(1959) July. 

horia compacts containing refractory 
metal fibers quantities low five 
percent have considerably better resist- 
thermal shock spalling than 
alone. the metals and alloys 
molybdenum 
save the best results. Compacts incor- 
fibers these metals have 
elastic moduli and compressive 
and high thermal conductivity 
fiber-reinforced thoria 
the best all combinations investigated, 
owing the presence micro- 
severely attacked after pro- 
exposure oxidizing atmos- 
1000 (auth)—NSA. 18241 


3.7.4, 3.2.2 

Investigation the Mechanical 
Binder and Stein- 


Hans- Firth Sterling, Inc. Wright 


CORROSION ABSTRACTS 


Air Development Center, Air 
Force, Jan., 1959, pp. Available from 
Office Technical Services, Dept. 
Commerce, Washington 25, 
(Order 151722). 

This report basic research 
correlating changes the microstruc- 
ture cermets with changes physical 
properties with view toward the possi- 
bility eliminating cermet brittleness 
changing microstructure. Using 
titanium carbide-40 nickel the test 
material, seven different test groups 
were formulated, comprising changes 
original particle size, processing pro- 
cedure, and controlled binder addition. 
Each group was heated seven differ- 
ent fashions. For each test batch micro- 
structures were correlated with changes 
conclusions was indicated that average 
grain size plays distinct role physi- 
cal properties. Included the report 


18211 


6.7.2, 8.8.5, 4.3.2 

Study CrB Cermet. Riitsu Ta- 
kagi, Kiyoshi Tamura and Yoshio Ta- 
mura. Mech. Lab. Japan (Japanese 
Edition), 11, No. 140-144 (1957); 
(English Edition), No. 96-98 (1957). 

Chromic boride powders were made 
melting under argon, ball-milling 
and vacuum hot-pressing with with- 
out wt. percent nickel. Optimum hot- 
pressing temperatures were reduced and 
the resistance oxidation, corrosion 
nitric acid, hydrochloric acid and sul- 
furic acid and thermal shock was 
studied. Electrical resistivity and the 
modulus rupture were also deter- 
18005 
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Current and Potential Relations 
For the Cathodic Protection Steel 
Ina High Resistivity 


SCHWERDTFEGER* 


Introduction 
TUDIES cathodic protection pre- 
viously carried out the laboratory 
the National Bureau Standards were 
all conducted with soils and waters hav- 
ing resistivities less than 1,000 ohm-cm. 

The experiments showed that the protec- 
tive potential with reference 
the saturated calomel 
lent with reference the 
copper-copper sulfate electrode), when 
free drop caused the protective 
current, was effective preventing appre- 
Corrosion processes were found 
controlled chiefly cathodic reactions, 
shown very useful indicating the 
currents necessary produce adequate 
and virtually complete pro- 
tection. 

was suggested Sudrabin and 
work, that useful information 
would obtained studies were con- 
environments 
where corrosion rates are controlled 
electrolytic resistance, rather 
polarization alone. Further re- 
was suggested the National 
\sociation Corrosion Engineers Unit 
Committee (T-2C)* “Criteria for 
Cathodic Protection” under which some 
groups have been assigned to: (a) 
basic criteria that can used 
determining the adequacy cathodic 
protection, (b) Promote research and 
papers criteria for cathodic 
protection. 

high-resistivity environments the 
ield, measured potentials 
voltage resulting from the protective 
the drop caused the 
corrosion cell assists reduc- 
the corrosion cell current, the question 


*eprined from J. Research Nat. Bur. of Stand- 
63C, No. 37-45 (1959) July-Sept. 


* Metallurgy Division, National Bureau of Stand- 
ards, Washington 25, D. C. 


tolerated circumstances, 
for example, potential measurements 
made pipelines. 

erally recognized being useful 
mating the current density required for 
actions are controlled 
ization (cathodic control). However, there 
question regarding their usefulness 
when the corrosion current determined 
mainly polarization (anodic 
control), when the resistance the 
electrolyte (high resistivity) limiting 
factor along with polarization. 

ducted exposing steel 
specimens soil (sandy loam) having 
resistivity about 20,000 ohm-cm. 
such high-resistivity environment, was 
presumed that the drop between the 
reference electrode and the specimen 
would probably greater than the polar- 
ization voltage and thereby present the 
opportunity evaluating the effect 
each factor. Preliminary 
periments revealed that cathodic polariza- 
tion did not take place readily 
low-resistivity environments and that the 
currents required for protection were 
larger than anticipated. This suggested 
divergence from the usual cathodic type 
control. 


Experimental Procedure 

General Procedures 

All specimens were cut from one piece 
cold-drawn steel tubing in. 
0.125 inch wall thickness) lengths 
in. The tubes were degreased with 
carbon tetrachloride and the ends rounded 
without burrs. The inner and 
outer surfaces the tubes were wire- 
brushed, smoothed with emery paper, 
washed hot water, and then weighed 
the nearest milligram. 
covered stranded copper wire was soldered 
one end each specimen for the 
electrical connection. oil 


Abstract 


In order to evaluate potential and current 
criteria for the cathodic protection of bare 
low-carbon steel in a high-resistivity environ- 
ment, specimens were exposed in the lab- 
oratory for a period of two months to a 
soil having a resistivity of about 20,000 ohm- 
centimeter. Previous work in low-resistivity 
environments has shown that corrosion can 
be reduced to a negligible degree by polariz- 
ing a steel structure to —0.85 volt (protec- 
tive potential) with reference to a copper- 
copper sulfate eiectrode. In such studies. 
cathodic polarization curves have also been 
shown to be useful in indicating the current 
density required for cathodic protection. 

the present study the above criteria 
were again evaluated. In addition to pro- 
tecting the steel at the protective potential 
(free of IR drop), the effect on protection 
of including IR drop caused by the protec- 
tive current was also noted. Also, cathodic 
polarization curves were obtained on a re- 
corder in conjunction with a bridge circuit 
to eliminate the 7R drop. 

The results show that the best degree of 
protection was achieved on the specimen 
controlled at —0.77 volt (without JR) with 
reference to a saturated calomel half-cell. 
This is approximately equivalent to the pro- 
tective potential —0.85 volt with reference 
to the copper-copper sulfate electrode. 
Applied current indicated by the break 
(change-in-slope) in the cathodic polariza- 
tion curve agreed reasonably well with the 
actual current necessary to maintain polar- 
ization —0.77 volt (free IR). 

The current required for protection was 
about three times the magnitude of the cor- 
rosion current; therefore, the corrosion re- 
action was either under anodic control (un- 
like previous studies) or an equivalent type 
of control which was caused by high resist- 
ance at anodic areas. 5.2.4 


was made flow over the inside surface 
each tube and both ends plugged with 
rubber stoppers. heavy coating bitu- 
mastic was applied over the edges the 
tube, covering the wire and soldered con- 
nection, insuring moisture seal around 
the stopper and leaving cylin- 
drical surface for exposure the soil. 
The soil, sandy loam from Lanham, 
after being removed from the field, 
was air dried and sifted using No. 
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Figure 1—Cross-sectional views of the experimental 
‘arrangement for exposing specimens to the soil. 
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Figure 2—Circuit for obtaining polarization curves automatically and for 
measuring potentials of specimens free of IR drops. One recorder pen indi- 
cated current and the other potential. 


sieve. Preliminary measurements soil 
resistivity versus moisture content were 
made order determine moisture 
range which provided fairly stable soil 
resistivity without saturating the soil. 
satisfactory amount water was found 
dry soil. adding distilled water the 
soil this moisture content resulted 
soil resistivity about 20,000 ohm-cm 

Five specimens were used the experi- 
ment, two which were without cathodic 
protection, serving controls, while the 
other three had currents applied. Ex- 
posure the soil was for period 
days. Four Pyrex jars were used hold 
the soil, the two controls being placed 
one jar. The soil was moistened four 
batches equal weight, one batch for 
each jar. The wetting 
carried out slowly adding water the 
soil, mixing, adding more water, mixing 
again, cetera. 

high-purity zinc rod (0.0375 in. diam 
in. long) was permanently exposed 
the soil each jar for use refer- 
ence electrode. Continual even inter- 
mittent ordinary use agar-salt 
would have greatly lowered the soil re- 
sistivity. Thus, contact the soil with 
agar-salt bridge was limited about 
sec each day order measure the 
potential the zinc electrode that the 
specimen potentials, either measured 
controlled, with reference the zinc 
could converted the saturated calo- 
mel scale. 

After days exposure the soil 
the specimens were removed for cleaning 
and measurement metal loss. The cor- 
rosion products, which were very ad- 
herent, were loosened cathodic clean- 
amp/ft? 10-percent solution am- 
monium citrate neutralized with am- 
monium hydroxide. This was followed 
scrubbing with brass bristle brush under 
hot water. The oil preserved the inner 
surfaces the tubes from corrosion. The 
soldered wire connection was removed 
applying heat from soldering iron and 
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Figure 3—Potential control circuit and bridge circuit for balancing out the 
IR drop between the specimen and the associated zinc reference electrode, The 
control voltage, A, was based on the protective potential of the specimen and 


on the potential of the zinc referred to saturated calomel. 


the last bits solder were removed 
scraping with soft metal tool. Finally 
all specimens were again rinsed hot 
water, blown dry with 
and weighed. 


2.2. Arrangement for Exposure 

Cross-sectional views the setup for 
exposure are shown Figure Two 
cylindrical Pyrex jars were used, the 
inner one (8.75 in. in. high) 
containing the soil, steel specimen and 
auxiliary electrodes, and outer jar 

in. in. high) containing 
the smaller jar resting distilled water 
about in. deep. The outer jar was cov- 
ered with inverted pan 
which helped control the moisture 
content the soil and yet permitted 
entrance air. Wires (not shown) from 
the specimen, zinc reference rod, and 
steel anodes were brought outside over 
the edge the jar slightly tilting the 
cover shown. These wires 
ened the outer wall the jar. 

The specimen and the zinc rod were 
separated about 234 in. soil, with 
in. soil between the zinc 
jar wall. Four anodes, consisting strips 
sheet steel (1.5 in. wide) running from 
top bottom, were interconnected 
soldered wires. The surfaces the anodes 
adjacent the glass were covered with 
insulating tape. Wet soil, prepared 
previously described, was 
formly around the electrodes. 
viously mentioned, the control specimens 
were both the same jar. One was cen- 
trally located shown Figure and 
the other was line with the center 
specimen and the zinc rod and the 
side opposite the zinc rod. One inch 
soil separated the off-center specimen 
from the jar wall, the axes the speci- 
mens being parallel each other. 


2.3. Instrumentation 


Currents were applied three the 
specimens for the entire exposure period. 
The criterion cathodic protection for 
the first specimen was the current ad- 
justed accordance with values from 


cathodic polarization curves obtained 
the controls. The criterion protection 
for the second specimen was the poten- 
tial —0.77 (reference saturated calomel 
electrode) free drop. Protection 
the third specimen was also based the 
potential —0.77 except that the poter- 
tial included the the 
caused the externally applied current. 


The circuit used for obtaining polariza- 
tion curves and for measuring potentials 
the bridge being basically that described 
Resistors and were each 
100,000 ohms and the variable resistor, 
was used for balancing out the drop 
between the specimen reference 
electrode (zinc). When the bridge was 
balanced, the actual potential 
specimen was equal twice the indicated 
recorded value. balanced bridge was 
indicated movement the recorder 
pen when the current applied 
men was momentarily interrupted. Too 
small too large value resistance 
would cause the pen suddenly shift 
one direction the other when the ap- 
plied current was interrupted, but move- 
ment the pen due changes 
ization emf was relatively minor. 


The procedure followed for measuring 
potentials (without the three 
specimens under protection was first 
measure the current specimen and 
then, without interrupting the current, 
transfer the specimen the voltage 
ply associated with the bridge 
which was preadjusted furnish the 
same current. Before reading the 
tial, the setting resistor was checked 
for bridge balance described the 
previous paragraph simply 
resistor fixed amounts, above 
below the set value, until equal left and 
right deflections the potential pen 
evidence. 

Cathodic polarization curves were 
corded automatically for all specimens 
the second and final days 
Both cathodic and 
curves were recorded the 
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4—Potential control circuit used 
en where the IR drop between it and the 
zine reference electrode was included. The control 
voltage, A, was based on the protective potential 
the specimen and the potential the asso- 
ciated zinc referred to saturated calomel. 


Figure 
specim 


about weekly intervals 
exposure The polarizing current 
was varied from zero suitable value 
linear increments voltage from 
voltage divider, shunted across 
storage battery (Figure and driven 
synchronous motor. The rate 
resistor the total polarizing time usually 
being about minutes. 

The specimen under current control 
was protected with current from 22.5-v 
heavy duty dry battery order that any 
change potential the specimen 
would make appreciable change the 
current. series resistance was used for 
adjusting the current. 

The circuit used for controlling the 
specimen potential —0.77 (free 
isshown Figure utilizes the bridge 
circuit just described conjunction with 
electronic balancing unit 
The control voltage, was ad- 
value equal one-half the 
between the potential the 
reference electrode and the protective 
potential for Although the balancing 
unit was very sensitive potential 
difference across its terminals PS, the ac- 
curacy with which the potential the 
specimen was actually maintained was 
obviously also dependent upon two other 
factors, namely: the stability the po- 
tential the zinc rod and the actual 
men and the zinc rod which was presum- 
These two factors did change, 
but the changes were gradual and were 
difficult cope with. Nevertheless, 
did limit the accuracy the poten- 
measurements perhaps +20 mv. 
The applied current was continuously re- 
corded (Figure 3). 


Figure shows the circuit used for con- 


IR). the same Figure except 
for the elimination the bridge circuit. 
value equal the difference potential 
the zinc electrode and the protec- 
lve potential for steel. Control accuracy 
depended chiefly the stability 
potential and was about +10 mv. 

Currents were measured 
less frequently. First, addition 
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Figure 5—Cathodic polarization data for steel speci- 
mens, obtained on the second day of exposure, trans- 
ferred from recorded charts semilogarithmic co- 
ordinate paper. One milliampere is equivalent to 
6 ma/sq ft. After the second day, specimen No. 1 
was allowed to corrode freely, except when obtaining 


polarization data, and protective currents were 
applied to specimens Nos. 3, 4 and 5 


continuously recording the applied cur- 
rent the specimen held 
(free currents were measured 
with indicating milliameter inserted 
without interrupting the circuits. Next, 
potentials between the specimens and the 
zinc electrodes were measured with 
indicating potentiometer, drops caused 
applied currents being included. This 
was followed measuring the 
tentials (without use the bridge 
circuit previously described. Finally, 
the potentials the zinc rods were meas- 
ured with reference saturated calomel 
The potentials the specimens 
were then converted the saturated 
calomel scale and adjustments were made 
the control potentiometers, neces- 
sary. 


Data and Discussion 

For the first two days exposure all 
specimens were allowed corrode freely. 
the second day, cathodic polarization 
curves were obtained one the con- 
trols and the three specimens subse- 
quently placed under cathodic pro- 
tection. this time, anodic polariza- 
tion curve was also obtained the same 
control, with substantially polarization 
evidence. The cathodic curves are 
shown Figure plotted semilog- 
arithmic coordinate paper order aid 
estimating the change-in-slope point 
(hereafter designated Jp) indicated 
the intersecting straight lines. Similarly, 
Figure shows the cathodic polarization 
curves obtained control specimen No. 
intervals throughout the exposure 
period. Those for control specimen No. 
were similar. Hereafter, the currents from 
these curves and all other measured cur- 
rents are expressed current densities 
milliameters per square ft. 

Currents and potentials measured 
the specimens throughout the 61-day ex- 
posure period are shown Figure 
Figure similar except that potentials 
include the drops, and the potentials 
the control specimens are omitted. 
Specimen No. the one where current 
alone was regarded the protective 
criterion. The initial current applied 
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Figure 6—Cathodic polarization curves control 


specimen No. 1 at intervals during the exposure 
period. One milliampere is equivalent to 6 ma/sq ft. 


specimen No. was the value shown 
the polarization curve (Figure 5), and 
subsequent adjustments current were 
based the average currents, ob- 
served the control specimens Nos. 
and 

From the fourth day onward, specimen 
No. was controlled —0.77 (free 
and the same time specimen No. 
was placed under control —0.77 
(including Currents applied between 
the and 4th days were estimated 
produce the desired effects without con- 
trol. 

Figures and two values cur- 
rent potential for any one specimen 
the same day means that adjustments 
were made. For example, the case 
specimen No. except after the 49th 
day, the applied current was changed 
conform with the polarizing currents, 
measured the controls. However, the 
resultant changes potential that 
specimen were not measured until the 
following day later. When adjusting 
the potential specimen No. the con- 
trol was usually set thus 
fact, some control difficulties were experi- 
enced around the 27th day when for 
period about days the control was 
even set somewhat more negative 
potential. The changes applied current 
resulting from such changes the poten- 
tial adjustment were measured the same 
mechanical failure the control equip- 
ment caused specimen No. with- 
out applied current from the 44th 46th 
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* Corrections made on specimens Nos. 3, 4, and 5 for initial freely corroding pericd and also for two intermediate days on specimen No. 4 when it was without prctective current. 
© Effectiveness of protection = 100 (We-W p)/Wce, where We = avg wt loss of controls; and Wp = wt loss of the protected specimens. 
d 
e 


E, = open-circuit potential of the anode (average). 


Specimen No. 4 was without protective current from the 44th to the 46th day when the potential (min) was actually —0.627v on the 4th day. 
NOTE: Each specimen had an exposed area of 24 in.? Potentials are referred to the saturated calomel electrode. 
Specimens Nos. 1 and 2 were without cathodic protection. 
Specimen No. 3 had current applied based on values of the current, /», averaged from polarization curves of specimens Nes. 1 and 2. 


Specimen No. 4 was controlled at —0.77 v (no 7R). 


Specimen No. 5 was controlled at —0.77 v (including 7R). 


day. When the trouble was discovered 
the 46th day, the potential measured 
Before putting the controller 
back into operation, cathodic polariza- 
tion curve was obtained specimen No. 
which curve revealed that 4.2 
was required for protection. This agreed 
reasonably well with the values applied 
current required for the following days, 
except for short time immediately after 
making adjustments potential. 

After the 22d day exposure, the 
polarization specimen No. began 
decrease and the current applied speci- 
men No. started increase. may also 
observed (Figure that tew days 
later, the current specimen No. began 
increase, yet polarization No. 
gradually kept falling. the 26th day, 
cathodic polarization curves the con- 
trols showed that more current, was 
necessary for protection and consequently 
the current specimen No. 
creased accordingly. Subsequent values 
current, were even larger, yet the po- 
tential specimen No. continued 
become less negative until, the 49th 
day exposure, was decided arbi- 
trarily increase the current 
Even this high density (9.5 
maintained for the remainder 
exposure, only once did the potential 
approach 

The foregoing trend increasing cur- 
rent requirements not consistent with 
the results previous wherein 
the current required for cathodic protec- 
tion usually diminished and leveled off 
ments, the corrosion reactions usually 
closely approached cathodic control. The 
protective currents ordinarily were equal 
slightly larger (not over percent 
larger) than the corrosion currents. The 
results obtained the present investiga- 
tion (Table provide explanation 
for this divergence. The corrosion current, 
calculated from the weight 
equivalent current density 1.5 
ma/ft?. mean-current density 4.2 
was required protect specimen 
No. —0.77 This protective current 
fair agreement with the mean cur- 
rents, from the cathodic polarization 
curves the controls. the current 


necessary for protection about three- 
times the magnitude 
current, the corrosion reaction was either 
under anodic control® type control 
equivalent anodic control 
high resistance the anodic areas. That 
one condition the other 
ization curves (not shown) the controls 
which were obtained the same days fol- 
lowing cathodic polarization. The anodic 
curves the beginning the exposure 
period were indicative cathodic control 
that there was very little 
ization. Later, polarization occurred and 
the break (change-in-slope) appeared 
the anodic curves currents about the 
same magnitude the cathodic currents, 
Finally, during the latter half the 
exposure period the anodic curves revealed 
breaks currents smaller than Thus, 
while the current necessary for cathodic 
protection increased the exposure time 
lengthened, the anodic currents, presum- 
ably required stop local action, became 
smaller. 

The weight losses specimens Nos. 
and shown the table have been 
adjusted for the time the applied currents 
were off, namely: days for 
specimens Nos. and and days for 
specimen No. The adjustments were 
made proportionate basis the con- 
trol weight losses. One might conclude 
that the degree protection achieved 
specimen No. was less than would have 
been expected, this specimen 
tected potential equivalent —0.85 
free with reference the more 
familiar Cu-CuSO, electrode. However, 
the measured potentials best were only 
average values and the 20,000 ohm-cm 
soil, because current distribution diffi- 
culties, the potentials some areas 
the exposed surface might not have been 
the protective level. Also, the adjust- 
ments made weight losses are actually 
rather conservative. the case speci- 
men No. had the adjustment for the 
current off periods been based weight 
curves, the degree protection would 
have been about percent. 

Under the environmental conditions, 
comparison the data pertaining 
specimens Nos. and shows the im- 


the protective potential level the goal 
complete protection. Figure 
that during more the 
posure, period, the potential specimen 
No. was less negative than 
even though the mean current (Table 
applied specimen No. was equal 
greater than that applied No. 
Thus, current density alone cannot 
relied upon satisfactory criterion for 
cathodic protection. 

Assuming that the 
were about the same 
tion curves indicated that they were), 
might concluded that, based the 
comparative applied current densities, the 
corrosion specimen No. was more 
economically controlled than that 
specimen No. Although than 
twice much current was applied 
other hand, the data also bring out the 
fact that any benefits drop while 
must examined with caution. The de- 
gree protection specimen No. 
was considerably less than that obtained 
specimen No. which received only 
fair degree protection, even though 
the drop was not included 
controlled protective potential. Potential 
values which include can 
very misleading, shown Figure 
and the data the table. the case 
specimen No. (Table 1), based the 
mean control potential (—0.689 v), the 
mean potential change (91 caused 
the protective current, the potential 
—0.78 (including was comprised 

The data pertaining specimen No. 
proper positioning the reference elec- 
cal consideration the potential criterion 
for cathodic protection, the drop the 
cathodic area corrosion cell reduces 
the cathodic polarization required ful- 
fill the protective criterion, 
tion the open-circuit potential the 
anode. The benefits drop (with 
reference current flow bare surfaces 
resulting from applied currents cathodic 
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J Vay, 1960 CURRENT AND POTENTIAL RELATIONS FOR TILE CATHODIC PROTECTION OF STEEL 8&3 
have been very ably demonstrated 
Sudrabin, and others. Miller 
about 1,000 resistivity. showed 
cell need not polarized the 
the drop within the cathodic 
was made very apparent. Miller 
electrode was placed directly NO. 
while the protective current was 
was indicative complete protec- 
directly over the anode away from the EXPOSURE TIME, days 
cathode sufficiently far include drop 
within the boundary the corrosion cell. between potential (no IR) and applied current density for different degrees 
electrode inside of the cell boundary re- curves; No. 3 specimen, except after 49th day, constant current conforms with 1p; No. 4 specimen, variable 
excessive protective current but current based controlled potential variable current based controlled 
positioning outside the cell boundary 
resulted protection. Sud- 
found that spacial factors, relative 
the anodes and cathodes corrosion 
control the correct location for the 
reference electrode and that these factors 
nents while cathodically protecting bare 
the laboratory experiments described 
cells the surface the steel NO. 
Were this not so, all the specimens 
separates the bare 
EXPOSURE TIME, days 
The Figure 8—Same as Figure 7, except that all IR drop, and the potentials of the controls 
‘eel specimens, the form tubes, were 
soil having resistivity throughout the exposure period while the obtained the controls. Variable 
20, ohm-cm. other three specimens had protective cur- was applied each the 
were five specimens, two applied continuously. Periodically specimens based the controlled 
were used freely corroding con- current was applied one potential referred 
and also for obtaining polarization the three the basis average calomel The control 
approximately weekly intervals current from the polarization two specimens held 0.77 
213t 
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fered that for one specimen the pro- previous laboratory studies and Ringer. 

discussion, Some Observations on Cathodi | to 
tective potential included the the Bureau, the data show that cathodic tection Criteria. Corrosion, 13, 
caused the protective current between polarization curves are means for meas- NACE Unit T-2C. Corrosion, 


the specimen and reference electrode uring the current required for cathodic (1957) Nov. 


zinc rod) while the other specimen protection but that the degree protec- 


was controlled without including this being achieved indicated best Resistance Cells Durin Current 


change occurred from cathodic type The data show that drop included the Rate 

type equivalent anodic, seemingly protection) can very misleading, espe- Miller. Galvanic Couples and 
caused high resistance the anodic cially when bare iron steel exposed Protection. Petrol, Eng. (1946) 


Protection Potential Crite i HE A 
denced the characteristics the ca- The author thanks Anderson, ting report T-2C and 


thodic and the anodic polarization curves New Jersey Zinc Company, for furnish- for 
the controls, increasing currents re- the high-purity zinc rods used the (1954) Aug. have 
potentials, and finally the ratio the 


sion current. 


Cathodic 


9 5 . 
Potential and Current Requirements for the Gordon Scott. Aspect the the 


The best degree protection was Cathodic Protection Steel Soils, Re- Potential and Related Measurements, NBS idel 
search NBS, 47, 104 (1951) RP2233; Corrosion, Corrosion Conference 1943 (unpublished), the 
achieved the spécimen controlled 391 (1952). cerpts this paper appeared Gas 
F —0.77 v (free of IR drop). The other . W. J. Schwerdtfeger. Current and Potential Re- 1944). sallations 


degree because insufficient polariza- RP2833; Corrosion, 14, 446t (1958) Oct. Testing ASTM (1937). the suc 
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Electrical Significance Cathodic 


Hazardous Area Steel 


Introduction 

ATLANTIC Refining Company 

and the Atlantic Pipe Line Company 
had measure success with the 
impressed current ca- 
thodic protection systems several struc- 
steel docks. These facilities include 
those the salt and brackish waters 
the Gulf Coast and, more recently, 
the tideland waters the East Coast. 
Conclusive results the more recent in- 
are yet determined and 
particular there much desired 
the successful application cathodic 
steel dock the fresh 
water the Delaware River Phila- 
delphia. 

The application electrical voltages 
and currents dock 
petroleum cargoes are being handled, 
the atmosphere may contain flammable 
mixtures. The simultaneous occurrence 
arc could cause ignition 
conception the hazards which 
electrical system such 
protection might present, desirable. 
determine (1) the critical values arc 
ignition energy which 
under various conditions circuit, cur- 
rent and voltage, (2) the actual electrical 
conditions which exist 
protected steel docks. 

The purpose this paper outline 
conclusions which were reached. 


General Design Steel Dock Cathodic 
Protection Systems 

has been the general practice 
authors’ company design for 
impressed current density 
This current density reduced 
ome value below ma/ft? when polar- 
(—0.85 volt with 
cell) has been attained. The 
time for polarization occur 
depending the nature the 
and the length time the 
operates continuously. Shut-downs 
occurred the past due equip- 
nent failure and precautionary safety 
There are some indications that 
fresh water will never polarize 
high current densities are impressed 

The magnitude total current neces- 
for ma/ft? current density 
3200 amperes one fresh water 
location and 1200 amperes 
for publication Sep. 1959. paper 
meeting the Northeast Region, 


National Association Corrosion Engineers, 
altimore, 


Maryland, Oct. 5-8, 1959. 


salt water dock location. The voltages 
necessary impress these currents vary 
from volts one salt water location 
(polarized) volts another salt 
water location (not yet polarized). 

Scrap steel pipe and graphite anodes 
have been used for the ground beds. 

Rectifiers are all out-door, weather- 
proof, oil-immersed, with selenium 
stacks, and most are located 
stances the rectifiers also meet the re- 
ment. This occurs where the rectifier 
located hazardous area where 
flexibility desired that the rectifier 
may used hazardous area 
the future. 

With regard safety, the systems 
have been designed and installed 
consistent with the normal 
quirements any electrical system. 
addition, the anode strings have been 
dock (50 ft. minimum) minimize the 
possibility accidental short circuit 
due falling metallic object, and 
prevent shifting the 
due currents and movement the 
bottom. 


Operating Practice 

informal survey the practice 
other petroleum companies with ca- 
thodically protected steel docks revealed 
inconsistency. The various cathodic pro- 
tection system operating 
cluded, (1) continuous operation all 
times, (2) shut-down only 
approaching the dock, connecting and 
disconnecting, (3) shut-down for entire 
period from time when ship approaches 
dock ship leaves, and (4) shut-down 
continuously pending clearer concep- 
tion the safety situation. 


Currents and Potentials 

generally agreed that potential 
shift steel volt adequate 
assure corrosion protection. Now con- 
sider the approach steel body, such 
ship, which has not had its potential 
shifted, steel dock which has had 
its potential shifted —0.3 volt (cathod- 
ically protected). One expects find 
potential difference 0.3 volt between 
the ship and the dock, providing the two 
are not touching. one were connect 
conductive path between the ship and 
the dock, one would expect current 
flow accordance with Ohm’s Law, 
provided there were enough stored energy 
the system. 

3oth the ship and the dock are 
water which will conduct electricity. Con- 
sider the ship and the dock the term- 
inals battery, the water path and 
paint the hull internal resistance, 
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Abstract 
Test data are reported concerning the elec- 
trical situation at cathodically protected 
steel docks in petroleum service where haz- 
ardous atmospheres may exist. Particular 
attention is paid to the effect of rectifier 
operation while the ship is in dock. Results 
and conclusion are reported for investiga- 
tions of arc energy for the magnitudes en- 
countered at cathodically protected steel 
docks. Topics discussed include design of 
steel dock cathodic protection systems, 
minimum arc energy to cause ignition, and 
sparking tendencies. Field tests results are 
reported both for salt water and fresh water 
docking facilities. Data given include cur- 
rent flow and potential differences from ship 
to dock, internal and_ external resistances 
during salt water docking cathodic protec- 
tion tests, and rectifier outputs in salt water 
docking cathodic protection 


and connect and disconnect conductor 
from ship dock. Then: 


(1) 


Where: 
current conductor, amperes 
closed circuit potential, volts 
open circuit potential, volts 
conductor resistance, ohms 

internal resistance, ohms 
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Figure 1—Minimum ignition energy vs circuit 
potential. 


Assume that considerable amount 
energy has been consumed shifting the 
potential the dock volt. the 
internal resistance high (as might 
fresh water), the current flow will 
low, depending the value the 
conductor resistance, and the voltage will 
decay slowly (slow discharge rate the 
the other hand with 
low internal resistance, might the 
case salt water, and the 
ductor above, the current will 
higher and voltage decay faster. 

this point indicated that cur- 
rent might easily controlled con- 
trol the resistance any conductors 
which might connected 


Hazards 

Since the currents and potentials men- 
tioned previously are associated with 
hazards that these electrical conditions 
might create. Obviously pertinent here 
spark the presence flammable 
mixture. 

Among the obvious conductors which 
purposely accidentally con- 
nected disconnected from ship dock 
any time are the bonding cables, metal 
gangway, steel hawsers 
hoses. will shown that the bonding 
cable most concern with its inherent 
low resistance. The circuit continuity 
bonding cable usually completed 
explosion proof disconnect switch 
after the free end has been bolted the 
ship. Therefore only accidental parting 
under strain would appear 
tially hazardous. 

equal importance the question 
whether not the energy, associated 
with making and breaking circuits with 
the voltages and currents involved 
this situation, great enough cause 
ignition flammable mixture. 


Ignition Energy 

Arcs (sparks) may divided into 
capacitance sparks, 
fusion sparks and brush discharge (co- 
rona). Corona usually associated with 
high voltages and ionization the sur- 
rounding atmosphere with glow discharge 
and the possibility complete break- 
down. Fusion sparks are those developed 
the friction contact two materials. 
Capacitance sparks are those caused 
capacitive circuit resulting arcing 
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between fixed separated points. The in- 
ductance spark the type 
mally occurs result switching 
circuit containing inductance. 

noted reviewing literature that 
the minimum are energy which will cause 
ignition lower for capacitance sparks 
than for inductance sparks. The reason- 
ing for this that capacitance spark 
closer point source. Hence the 
energy more concentrated 
energy inductance spark which 
spread out over Specifically, 
noted that the minimum energy 
for ignition flammable mixture 
certain hydrocarbons the order 
0.24 milli-joules, where the electric dis- 
charge complete electric breakdown 
(capacitance spark discharge) partial 
electric breakdown (corona 

connecting various 
sources series with known inductances, 
variable resistance and wiping sleeve 
contact mechanism enclosed explo- 
sion Controlled flammable 
mixtures, predominantly methane-air and 
coal gas-air, were contained the ex- 
plosion chamber room temperature 
and atmospheric pressure. The current 
was varied for each series tests de- 
termine the minimum current value 
which would cause ignition the flam- 
mable mixture when contacts the ex- 
plosion chamber were opened. Figure 
indication this instance the 
variation minimum ignition energy 
for different levels. 

The minimum current which will cause 
ignition when opening circuit ap- 
pears closely related the source 
voltage and circuit inductance. There are 
data available which indicate 
very low values inductance, the ignit- 
ing current varies from about 0.007 
amperes 800 volts about amperes 
volts.* This same reference indicates 
that flammable mixture grade 
115-145 aviation gasoline and air, the 
minimum ignition current varies from 
about 0.095 ampere with 1.0 henry 
inductance the circuit 
joules), approximately amperes 
with 0.0001 henry inductance the 
circuit (11.2 milli-joules) provided the 
source potential volts. the source 
potential 135 volts, the minimum igni- 
tion current varies from 0.095 ampere 
0.7 ampere for the same values circuit 

appears that there are reference 
data available which indicate the mag- 
nitude minimum ignition current (or 
energy) associated with 
cuits and source potentials less than 
4.0 volts. However, seems reasonable 
conclude that with source potentials 
less than 4.0 volts and inductances 
less than 0.001 henry, the minimum 
ignition energy will far excess 
the 0.24 milli-joule minimum energy 
capacitance arc and very likely excess 
6.0 milli-joules. 


Arc Energy 
The amount energy arc will 
depend the capacitance, inductance, 
and resistance the circuit, the con- 
figuration and speed separation 


the circuit breaking contacts, and the 
voltage and current the circuit. 
general known that: 


tyr 
= 


¥ 


where: 


energy 
time 

voltage 
current 
length 

speed 


has been shown that for 
resistance type circuit, equation (2) may 


Apr CV *1,° g(1,) (3 


(joules 
volt 
constant volts/cm. air 
velocity cm/sec. 
initial current before break 
circuit, amperes. 


1 


one solves equation (3) for values 
ergy 0.013 milli-joules, obviously very 
small. 


The equation for energy 
ductance circuit follows: 


(joules 


Furthermore the empirical formulae 
for inductance coils and straight wire 
are follows: 


coil diameter 
inches 

inches 


Straight wire: 


r 


(6) 


where: 
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Consider No. 4/0 cable, 100 ft. long 
with ft. coiled (24” diameter 
situation for bonding cable from 
dock. Consider the voltage 
the total inductance the order 
henries and the resultant 
energy would about 4.3 milli- 
joules. From the foregoing this would 
tion should result the are occurred 
the presence mixture. 


Purpose Field Tests 

series practical tests were under- 
taken. The tests had the general purpose 
defining the electrical situation exist- 
ing between tanker and cathodically 
protected steel dock during normal load- 
ing operations. From such data, was 
intended that the hazards, any, occa- 
dock cathodic protection could 
better assessed. More specifically, the 


items listed immediately below: 


The electrical potential existing be- 
tween ship and dock all stages 
docking and loading and with the 
cathodic protection system both and 


The individual and total currents 
fowing all conductors regularly con- 
nected between the ship and dock with 
the cathodic protection system both 


The internal and 
ances the electrical circuit made 
ship, dock, water, and conductors. 

The effect the output the 
protection system when 
berthed the dock. 


The level cathodic protection ex- 
the dock before and after the 
operations. 


The tendency the system pro- 
sparks 

Tests were conducted two locations: 
Harbor Island, and Fort 
The Harbor Island Dock 
salt water the Gulf Mexico 
war Port Aransas, Texas. The Fort Mif- 
dock fresh water the Dela- 
ware River near Philadelphia, Pa. The 
protection system the Harbor 
Island location considered model for 
‘his type protection. For all practica- 
ble purposes, corrosion the submerged 
portions the steel dock has 
Harbor Island dock, therefore, 
conditions which accompany 
use complete cathodic protection 
water. Fort Mifflin was selected 
embodied the conditions which 
“company the use 
protection fresh water. 

Because many features tests 
vere the same both locations, descrip- 
detail—the one conducted 
Harbor Island. This supplemented 
brief description the important dif- 
the Fort tests. 


Harbor Island Field Tests 


Dock 

The Harbor Island Dock was erected 
wide 260’ long. Except for 
crete deck and timber fender the 
face, constructed entirely struc- 
are 12” and 14” H-bearing piles. 
trated Figure the wetted areas 
these members are subject normal 
salt water corrosion rate 
per year. The wetted area ap- 
proximately 100,000 sq. ft. 

The dock equipped with two bond- 
ing wire stations. The No. station uti- 
lizes 76’ 2/0 wire cable, and the No. 
station utilizes 115’ 4/0. Each 
these cables connected the dock 
structure through These are 
double pole, single throw, fuse, quick 
break, safety switches. They are enclosed 
housing which suitable for explo- 
sion proof, dust tight and weather resist- 
ant (rain tight) requirements. Five 
cargo hoses were employed during the 
tests. Two these were used, first for 
discharging ballast, and then reconnected 
for cargo loading. 


Cathodic Protection System 

The Harbor Island cathodic protection 
system was energized January 1954. 
was designed for initial protective 
current density per sq. ft. 
bare, wetted steel surface. This was pro- 
vided originally four rectifiers having 
volts. 

These were arranged parallel pairs 
that two were connected graphite 
ground bed and two 
ground bed. Both ground beds are buried 
along the shore the sand bottom 
the shallow water behind the dock. 

careous coating” and “residual polariza- 
the current requirements for main- 
taining protection have steadily de- 
creased. the time test, only one 
the original rectifiers operating 
output 174 amps and 3.25 volts 
was required give adequate protection 
indicated average dock poten- 
tial (to CuSo,) —.90 volts. 


Ship 

The Harbor Island tests 
ducted during the loading operations 
the tanker Atlantic Seaman. This 


vessel has tonnage 30,000 DWT. She 
has over-all length and 
beam 85’. Her wetted surface area 
varies with draft between 48,000 sq. ft. 
ft. draft and 81,500 sq. ft. 
draft. The Seaman’s last drydock- 
ing prior the tests occurred Janu- 
ary 1958. that time the hull was given 
three coats paint. 


perations 
The sequence operations during 
which test data were recorded follows: 
Approach ship dock 
Securing spring, bow and stern 
lines 
Securing bonding wire 
Placement gangway 
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Figure 2—Typical main bent section—steel dock 
structure. 


Connection ballast hoses 


Pumping and stripping ballast 

Loading cargo 

Disconnection hoses 

10. Removal mooring lines, gang- 
way, and bonding wire 


Potential Difference—Ship Dock 

ship and dock was measured the ship 
approached the dock, during loading op- 
erations with rectifier and off, and 
the ship left the dock. 


Current Flow—In Various Conductors 

The current flowing each the fol- 
lowing conductors was measured dif- 
ferent stages operation measuring 
the voltage drop calibrated shunts with 
milli-voltmeter with the cathodic pro- 
tection and off: 


Bonding Wires and 
Gangway 


addition several readings cur- 
rent flow the bonding wires with indi- 
cating meters, continuous record 
the current flowing the No. bonding 
wire was made using smoke chart re- 
corder. 

Prior the arrival the ship, the 
dock end the five cargo hoses had 
been fitted with insulating joints shorted 
with calibrated shunts permit meas- 
urement any current flowing through 
the hoses. Current 
gangway was approximated 
the other end was contact with the 
ship and then measuring the current 
flowing calibrated shunt connected 
between the dock and the dock end 
the gangway through No. wire. 
directly connect this ship the dock, 
was not practicable obtain typical 
cables. However, from other measure- 
ments made, possible accurately 
predict what the maximum value any 
such currents might be. 


Internal and External Resistances 

The internal resistance this circuit 
calculated from the open and closed 
circuit values for simultaneous measure- 
ments potential and current. 


] 
4) may 
¥ 
(4) 
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Figure 3—Record of current flow for No. 1 bond wire at Harbor Island dock. 


The resistances the hoses were meas- 
ured with Volt-Ohmeter. Prior the 
ship arrival, the resistances the bond- 
ing wires were calculated from measure- 
ments current flow and voltage drop 
occurring through them when connected 
across two cells automobile storage 
battery. 


Rectifier Output 

The current and voltage outputs 
the cathodic protection system before and 
after connecting the ship the dock, 
and after ship departure, were observed. 
The current was measured with 
voltmeter indicating the voltage drop 
across calibrated shunt. The voltage 
was measured with voltmeter connected 
across the rectifier output terminals. 


Level Dock Cathodic Protection 

The level dock cathodic protection 
was determined before and after the test 
period measuring the potential the 
dock copper-sulfate reference elec- 
trode. These measurements were made 
several locations the water surface 
near the dock face with voltmeter. 


Sparking Tendencies 

While the ship was connected the 
dock with the cathodic protection system 
both and off, and with the cover re- 
moved from the bonding wire switch, 
the switch was opened and closed several 
times night and the contacts carefully 
observed for the presence arcing. 
the time initial lowering the gang- 
way (which occurred night) observa- 
tions were made for the presence 
sparks the moment gangway con- 
tact with the dock. 


Fort Mifflin Field Tests 


The Fort Mifflin dock contains 
bents design similar Harbor 
Island. The wetted area approximately 
415,000 sq. ft. high tide. subject 
per year. The dock equipped with six 
bonding stations. Each station consists 
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approximately 100 ft. 2/0 4/0 
insulated wire cable connected the 
dock through disconnect switch. These 
switches are all weatherproof type con- 
struction. Eight inch cargo hoses and 
aluminum gangway were 
tween the ship and the dock the time 
this test and all lines were manila 
type hawsers. 

The cathodic protection system con- 
sists 500 ampere rectifier, and 
anode bed installed the 
shore side the dock the water. The 
operational plan has been have the 
rectifier only when there are 
ships the dock. Tests from time 
time have indicated that, with rectifier 
and 0.8 ma/sq. ft. average current 
density, portion the shore side 
the dock cathodically protected, but 
the river side not cathodically 
tected. All evidence indicates that the 
system has never been operated contin- 
uously for long enough period time 
high enough current densities for 
protective coating have built 
the dock. 

The Fort Mifflin tests were conducted 
during the docking and unloading op- 
erations the tanker Atlantic Engineer. 
This vessel has tonnage 30,000 DWT, 
over-all length 650 ft. and beam 
ft. Her wetted surface area when 
fully loaded draft ft. in. 
approximately 80,800 sq. ft. The Engi- 
last drydocking prior the test 
occurred April 1958, which time 
the hull was given three coats paint. 

The major difference the Fort Mif- 
flin tests was the method 
determining internal resistance. The re- 
sistance through the water path between 
the ship and dock was measured using 
direct-indicating, cross-coil, low resistance 
ohmeter which, when properly used, 
dependable within one percent full 
scale and has low range 0-100 mi- 
crohms. 


The resistance the bonding circuit 


between the point its connection 
the dock, through the bonding switch 
the ship lug end the bonding 
was with the 
prior connection. Otherwise the tests 
Fort Mifflin were similar those 
ducted Harbor Island. 


Field Test Results 
Potential Difference—Ship Dock 

Harbor Island, the potential 
ference existing ship and 
dock was 0.295 volt maximum the 
ship approached the dock. This dropped 
0.240 volts when the ship touched the 
dock. additional connections 
made and current was drained the 
dock, the potential difference declined, 
One hour after docking, value 
volt was observed with the No. 
the gangway and two ballast hoses 
nected. The continuous record current 
flowing the No. bond wire indicated 
that minimum potential difference 
approximately 0.075 volt existed for 
about hour between the times 
discharging stopped and cargo loading 
started. Turning the cathodic protection 
system and off changed the potential 
difference approximately 0.02 volt, the 
higher value occurring when the rectifier 
was on. 

Fort Mifflin, the potential difference 
existing between the ship and dock was 
0.030 volt maximum (dock positive) 
the ship approached the dock. This value 
fell 0.015 volt the ship touched the 
dock and 0.005 volt the bow lines 
were being secured. Within five minutes 
after this low reading, the potential dif- 
ference rose again 0.040 volt. Towards 
the end the tests, this value had fallen 
0.022 volt. The low values poten- 
tial difference are merely indicative that 
adequate protection had not been ob- 
tained Fort Mifflin. The first time the 
bonding switch was closed with the 
tifier off and the bonding circuit con- 
nected between ship and dock, the poten- 
tial difference fell between 0.017 and 
0.021 volt. This value was down 0.010 
the end the test. With the rectifier 
and the bonding switch closed, the 
potential difference varied between 0.0025 
volt and 0.007 volt, but was consistently 
about 0.006 volt. 


Current Flow Various Conductors 

Harbor Island, the potential dif- 
ference between ship and dock acted 
cause current flow from ship dock 
the wire, hose and 
and from dock ship the water 
path. continuous record the current 
flow the No. Bond during the Har- 
bor Island tests depicted Figure 

Fort Mifflin, the potential difference 
between ship and dock acted caus 
current flow from dock ship 
the bond wire path. The magnitudes 
the currents measured each case ale 
listed Table 


Internal and External Resistances 
The resistances determined Harbor 
Island are listed Table 
Fort Mifflin, the internal resistance 
the water path between the ship and 
the dock, measured with the 
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0.0430 ohm with the current and 
leads connected normal and 
ohm with the leads reversed. 
necessary average out the “Ductor” 
readings compensate for 
the existing potential between the ship 
dock and the current which 
this potential will push through the “Duc- 
circuit. Therefore: 


Internal Resistance 


9 

The resistance the bonding circuit 
measured with the was 0.012 
ohm. The resistance the hoses meas- 
with megger was 1.25 ohms for 
one hose and 2.25 ohms for the other 


hose. 


Rectifier Output 

The rectifier outputs with with- 
out the ship connected the dock was 
determined. These are shown Table 


Level Dock Cathodic Protection 

Harbor Island, before tests, the 
average potential CuSO, was —.90. 
Twenty minutes after the tests were com- 
pleted, the average potential was —.85 
with the rectifier either off. 


Fort Mifflin, the potential readings 
between the dock and copper sulfate 
reference prior the arrival the ship 
and with the rectifier turned off varied 
from volt the surface —0.6 
volt the mud line ft. in. below the 
surface. 

Potential readings between piles one 
bent and copper sulfate reference elec- 
trode, with the cathodic protection system 
turned on, varied 
from about —0.68 volt volt. 
The lower readings were noted the 
piles farthest from the shore. 


Sparking Tendencies 

Close observation when the bond switch 
contacts were repeatedly opened and 
closed revealed arcing. sparks 
were observed when the gangway 
contacted the dock. 


Conclusions 

general, the tests substantiated 
the existence the conditions which one 
could expect accompany application 
cathodic protection docks. 
Cathodic protection steel 
potential differences between the 
and the dock which cause 
crease current flow through bonding 
cables and other conductive paths. 

2.The difference 
measured between the ship and 
Harbor Island was 0.295 volt and 
Mifflin was 0.040 volt. The polarity 
current flows from the surrounding 
from ship the dock. Tests 
Harbor Island showed that surface 
polarization the dock structure main- 
this difference, subject grad- 
decline, for considerable period 


after the rectifier had been turned 
off, 


3.The maximum total current flow 
Harbor Island was am- 


ELECTRICAL SIGNIFICANCE CATHODIC PROTECTION HAZARDOUS AREA STEEL DOCKS 


TABLE 1—Current Flow and Potential Difference, Ship Dock 


RECTIFIER OFF RECTIFIER 


Dif- Flow, External Dif- Flow, Total 
ference, | Amperes, Re- | ference, | Amperes, Re- 
Harbor Island Dock Ship Ship sistance, Ship Ship sistance, 
Item Connection To Vessel | To Dock To Dock | Ohms To Dock | To Dock Ohms 
Vessel 10’ from dock, 
2 Vessel at dock, noconnection| 0.210 v. | 0 ; | 0.235 v. | 0 | ese 
3 No. 1 bond cable alone... . 0.190 v. | 20.4 .00931 0.215 v. | 23.0 .00935 
4 No. 2 bond cable alone.....| 0.195 v. | 31.6 .00617 | 0.210 v. 4.0 | .00618 
5 No. 1 & No. 2 bond cables, | | | | 
no other connections.....| 0.170 v. | 47.5 00358 | 0.190 v. 52.8 | .00360 
6 Current in gangway only | | | 
with No. 1 bond cable & | 
5 hoses connected. . . .| 0.165 v. | 3.15* 052 3.6 
10 No. 4 Hose**....... | 0 | 
12 Calculated maximum total | | 
current with both bonds, | 
gangway & 5 Hoses con- | 
nected (sum of Items 5-11 1 0.170 v | 51.27 .00332 0.190 v. 57.43 .00331 
Fort Mifflin Dock Ship Ship | | Ship Ship 
13 No. | bond cable alone with- 
in Ist hour..... 1.082 0120 | 7.mv 0.582 -0120 
After 4 to 6 hours 10.mv. | 0.84 .0119 6. mv 0.50 .0120 
| 


| 


** Current in individual hoses with gangway, No. 1 bond cable and 5 hoses connected. 


TABLE 2—Resistances (Harbor Island Dock Cathodic Protection Tests) 


INTERNAL RESISTANCE 
Rectifier On 


Rectifier Of 


QUANTITY 

E.—-Ship to dock potential—No bond...... rier .210 Volts | -235 Volts 
E;—Ship to dock potential—No. 1 bond connected. -190 Volts | -215 Volts 


Ri Internal Resistance— SE .000984 Ohms 


S) 
| Disconnected | When Connected 
No. 2 Hose Sections No. 170 & .80 | 44 
No. 4 Hose (Sections No. 5 & 15). . 1,100,000 | Infinite 
No. 5 Hose (Sections No. 9, 16, & 10)........... .05 | Infinite 
| | 
TABLE 3—Rectifier Outputs 
Test Location When Readings Made Volts Amperes 
Harbor Island Dock 1. Before ship arrival........... 3.25 174 
Harbor Island Dock | 2. With No. 1 bond, gangway, and cargo flowing in 5 
| hoses after rectifier had been off 244 hours... . “if 3.9 186 
Harbor Island Dock | 3. With conditions same as above except rectifier had 
Test Location | Readings Made In Sequence Volts Amperes 
Ft. Mifflin | 1. First time rectifier was turned on during tests with 
| bond switch closed 22 
Ft. Mifflin | 2. Thirty seconds later—bond switch open......... 22 
Ft. Mifflin 3. One hour and a half later—bond switch closed... 22 
Ft. Mifflin | 4. Thirty seconds later—bond switch open........ 22 
Ft. Mifflin | 5. Three minutes later—bond switch closed...... 22 


Fort Mifflin showed higher total re- 
sistance 0.040 ohm. This includes 
bond resistance 0.012 ohm and in- 
ternal resistance (fresh water) 0.028 
ohm. 

can shown that the magnitude 
the current flowing any connecting 
conductor will depend the potential 
difference, the resistance the conduc- 
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peres and Fort Mifflin was 1.08 am- 
peres. 

The total resistance the Harbor 
Island system with the No. bonding 
cable was approximately 0.009 ohm, 
which the No. bonding cable accounted 
for 0.008 ohm and which the internal 
resistance was checked separate test 
0.001 ohm. Corresponding results 


5 
i 
* 05 amp. change between gangway contacting and not contacting dock. Si rae cee 
| 
3 
3 
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the internal resistance the circuit 


and the relative magnitudes these two 
resistances. From the data obtained from 
the tests, and from the literature arc 
energy was found that the voltage and 
current between the steel ships and ca- 
thodically protected docks can 
trolled safe level proper selection 
bond resistance. 


the cathodic protection system while the 
protection system turned on, brought 
about the connection steel ship 
accounted for the fact that the cur- 
rent output rectifier determined 
primarily the design the anode 
and secondary manner the ar- 
rangement the surface the protected 
structure relationship the anode. 
When ship located near the struc- 
ture, but remote from the anode, 
will have relatively small effect the 
total current. 

7.The level dock protection was 
influenced the presence the steel 
ship whether the ship was connected 
the dock not. The level protection, 
especially the dock face, was tempo- 
rarily lowered. This effect the natural 
tendency two different potentials 
two objects equalize after 
Fortunately, Harbor Island the tempo- 
rary decline the level protection 
occurs mainly the face the dock 
adjacent the ship. After the ship sails, 
protective conditions are soon restored. 

Careful observations bond switch 
contacts while being opened 
revealed sparks arcs. 
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DISCUSSION 


Question Sidney Tudor, New York 
Naval Shipyard, Brooklyn, Y.: 


you consider that the two systems 
you described, when operated within the 
0.4 volt maximum potential changes you 
specified, are safe under all conditions 
bonding, switching isolation? 


Reply Thomas Mullett and 
Johnstone, Jr.: 


consider the systems described 
safe when operated within the 0.4 volt 
maximum potential change, provided: 

Each bonding switch suitable 
Class Group explosion-proof hous- 
ing. 

Bonding connections are made before 
the bonding switch closed and broken 
after the bonding switch open. 


bonding cable not longer 
than 100 feet. 


discussion this article not published above 
will appear the December, 1960 issue. 


controlled resistance which will limit 
rent amperes less with 0.4 
impressed. 


Maryland: 


Was protective coating used the 
piling? 


Reply Thomas Mullett and 

Johnstone, Jr.: 

The constantly wetted areas 
not have protective coating. Based 
small scale tests conducted Fort 
flin, would expect coal tar coating 
applied the piles before driving 
make substantial reduction the cur- 
rent requirement for cathodic protection, 

portion the tidal zone, the splash 
zone and the atmospheric zone all have 
the tidal and splash areas 
with thick wire-reinforced gunite and 
the atmospheric zone with 
plied coating (30 sq. ft./gal.) pro- 
prietary grease-type rust preventive. 
Fort Mifflin, one material was used for 
the tidal, splash and atmospheric zones. 
emulsion. 

Steel docks locations, 
Newark, New Jersey and New Haven, 
Connecticut, which include cathodic pro- 
tection installations, also have coating 
the constantly wetted areas. The 
upper half the tidal zone 
splash zone are protected with three 
coat system coal tar consisting 
primer, hot applied pipe line enamel and 
coal tar emulsion. The atmospheric por- 
tions these locations are protected with 
the primer and emulsion only. 
rack five different coatings installed 
the Newark location gain additional 
experience with other materials. 
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Figure 1—Breakdown of pipe line system into divisions and districts. 


Organization and Operation Corrosion Field Forces* 


LANCE HEVERLY 


Introduction Abstract 

control personnel in a natural gas pipe line 
Limited system) Consists of a natural company are outlined. Topics discussed in- 
pipe line which runs from the 
Alberta-Saskat hewan border across three processing of work order requests, duties of 
Montreal, distance the corrosion supervisor, duties the divi- 
sion corrosion technician, and education and 
sections: from the Alberta-Saskatchewan Considerable data are given on company 
order to Winnipeg. 585 of recommended cathodic protection  installa- 
order To Innipeg, 969 miles OF tion procedures. 1.2.3 


from Winnipeg Toronto, 1,246 

niles 30-inch pipe; from Toronto 

Montre; iles 90-ine ipe H j 
310 miles 20-inch pipe. est river crossing was mile wide near 
niles 24-inch pipe connecting the crossing was 1.2 miles heavy wall pipe 


Author 


system with the 76-mile across the Lake Two Mountains the 
g the Montreal extension to Trans-Canada Pipe Lines Limited, Toronto, 
eg, swamp, river, pipe, other materials and equipment Phi Eta Sigma. Registered 
across Northern cubic yards excavation Province Ontario. Mr. Heverly started 
across Nort 1 WwW 8,930; contractor employees at construc- corrosion work in 1941 for 
heavy granite rock, particularly iles ipe wrap- Department American Telephone 
the outerwrap and 13,700 glass Engineer for Ebasco Services, Incorporated 
percent the distance between total for three and one-half years and Chief Cor- 
the Manitoba-Ontari border and Por . peeing i rosion Engineer for Great Lakes Pipe Line 
Manitoba-Ontario border The Management Trans-Canada, Company for over four years. was first 
Arthur was through water and muskeg. the value corrosion con- chairman Kansas City local chapter 
5 ; = NACE, and is now serving as_ chairman of 


all, rock excavation amounted trol program. The experience older Technical Practice Committee T-2D, Proce- 

percent annual return investment 

cathodic protection equipment made this 

and railway crossings. The long- type investment well worthwhile. One 

the never-ending jobs, however, under the supervision the Corro- 
that selling cathodic protection all the Section, part the Operations 


Paper way down the rank and file. Department. best outline how this 


All corrosion tests, designs, specifica- functions describe the organ- 
Ngineers, Denver, Colorado, October 12-15, 7 
1959, tions and installation work were set-up. 


530 miles, swampy ground for 139 
niles, river crossings, stream, creek 
and canal crossings, 202 highway cross- 


the 


101 


105 


107 


11. 


Header Cable consisting of AWC #4 19-Strand, Soft Annealed, Anaconda e CP Cable 
(high grade Polyethylene insulation and red Densheath jacket) buried in 28 to 3 ft. 
deep tren Ye free of all rocks. 

l2-in, Augured Hole x 11 ft, deep. 15 holes required per ground bed. 


Coal Coke Breeze (approx. four &5-lb. bags per hole), continuous tamping required. 
Effective length of anode is 6 ft. All foreign matter must be excluded from coke 
breeze, 


Zein, dia, x 60-in. 1g. Nat'l Carbon Co, Graphite Anode with Pigtail consisting of #6 
Stranded Oil-Resistant and Waterproof Cable. Anode to be carefully centered in hole 


holding graphite top portion of anode with hand - do not support anode by #8 cable. 
Plico Anode Cap Kit, fAC-3, cemented to top of anode per manufacturer's instructions, 


Burndy YC4C5 Crimpit Connector for joining #6 stranded to #4 stranded copper cable, 
Crimp connector in place with 3 crimps and then use a small piece of 14-in, wide by 
3-in, long "Scotchfil" on each side of Burndy connector to fill in difference in 
thickness of Burndy connector and #4 Cable on the one side and #4 and #6 cables on 
the other side. Thoroughly tape with four half-lapped layers of 3/4-in. wide U.S. 
Korona Splicing Compound making sure to overlap existing insulation on both #4 ana #8 
cables, Then thoroughly tape with four half-lepped layers of 3/4-in wide 3M "Scotch" 
#33 Electrical Tape in same manner, Connection must be absolutely moistureproof, 

See Detail "A". 

Burndy YS4C-LN4D for butt connecting #4 stranded copper cable when necessary. Use 

2 crimps for each cable end, Insulate as specified in Item 106, Connection must be 
absolutely moistureproof, For square cable cutting, first tape insulated cable with 
3M tape and then cut through taped portion with hack saw. 


715 Cadweld Charges with Copper Sleeves and Discs (for connecting #4 19-strand cable 
to pipe by grouping strands into 5-threes and l-four). 


x for covering exposed pipe and connections in Item 1ll. 


Backfill 


Scotchfil (Item Nal08)- 
Crimpit Connector —. 


| 
and 3M ‘Scotch’ No. 33 Elec. Tape (item No. !i0) 


—Original insulation— 


DETAIL 


Figure 2—Typical vertical ground bed installation. 


AWG RW 34 c r Caple buried in 2 3-ft that 
is free of 
Auger 8-in. dia. x 10-ft. decp hole. 15 holes (approx.) required per site. 


Magnesium Backfill: 75 mm, 20% Bentonite and 5% S te 

First, pour in backfill m ure to about 2 ft. depth. Then lower masnes 
(Item #4) in center of hole. Add more backfill and a little water and p 
sparingly. Continue adding backfill, water and plunging until bach fill 


anode by about 18 inches. 


High Potential Magnesium Anode, 33-in. dia. or D-shaped x 60-in. long: "G 
or “Hynode with 10-ft. 1g. 710 Tw Insulated Lead Wire. 


60/40 5-core Resin Solder for connecting #10 TW insulated lead wire from magnesiun 
anode to #0 RW insulated stranded header cable. 


U.S. Korona Splicing Compound used for first layer in taping up soldered co 
in Item #5. 


3M "Scotch" No. 33 Electrical Tape used for second layer in taping up solde 
nection in Item #5. 


#15 Cadweld Charge and Dise for connecting #8 cable to pipe. 


Mummy Wax for covering exposed pipe and connection in Item #8. 
k-in. x 4-in. x 6-ft. 1g. Pressure Treated 


l-in. GRP Condulet complete with } 7 Terminal Block, Cover & Gasket. 


l-in. x 5-ft. lg. Hot-dipped Galvanized Conduit with one end th: 
6-in. 1g. Rubber Hose (0.D. to fit Conduit I.D.) inserted halfway into end of 
conduit after reaming out burrs. 


2-Hole (1/8-in. dia.) Conduit Strap for l-in. Conduit, Hot-dipped Galvanized. 


Creosoted Post. 


Pipe 


Spoce Mg Anodes not less thon 10 aport except where 


limited by spoce requirements or where it is desired to 
reduce current output per anode as in the cose of low 


The Operating Department set 


tio 


from company headquarters office 
Toronto are funneled through division 


resistance soils. 


Figure 4—Typical vertical magnesium installation. 


Operating Department superintendents 


integrated basis, that is, all instruc- 
and work functions originating 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


the field. Conversely, 


all questions originating the field are 
handled either the field level dis- 
trict superintendents through them 
perintendents and their staff require 


7 
101 Header Cable consisting of AWG #4 19-Strand, Soft Annealed, Anaconda Type cp Cable 
(nt de polyethylene insulation and red Densheath jacket) buried in JtoTr 
deep tren jeader cable to be strung out in botton i 


corner of trench as shown after coke breeze has been tamped and covered vith tot}, 
102 3-ft. wide x 3-ft. to 7-ft. deep trench x 225-ft, long. 


103 Ceal Coke Breeze (125 to 120 &5-1b, bags) in 1 ft, x 1 ft. trench as shown, Contin. 
Wous tamping required, All foreign matter must be excluded from coke breeze, 


win, dia, x 60-in. 1g. Nat'l, Carbon Co, Graphite Anode with Pigtail consisting os 
#0 Stranded Oil-Resistant and Waterproof Cable, Anode to be carefully centered tn 
trench on 15-ft. centers, 15 required per ground bed, 


105 Plico Anode Cap Kit, #AC-3, cemented to end of anode per manufacturer's instruction, 


106 Burndy rc4cs Grimpit Connector for joining #& Stranded to #4 Stranded Copper Cable 
Crimp connector in place with 3 crimps and then use a small piece of letin, wide by 


in, long "Scotchfil" on each side of Burndy connector to fill in difference in 
thickness of Burndy connector and #4 Cable on the one side and #4 and #8 cables op 
the other side, Thoroughly tape with four half-lapped layers of 3/l-in, vide U.S, 
Korona Splicing Compound making sure to overlap existing insulation on both #4 ang 
#6 cables. Then thoroughly tape with four half-lapped layers of 3/k-in, wide 3 
"Scotch" #33 Electrical Tape in same manner, Connection must be absolutely moisturs. 
proof, See Detail "A", 


107 Burndy YSLC-INUD for butt connecting #4 stranded copper cable when necessary, Use 
2 crimps for each cable end, Insulate as specified in Item 106, Connection must be 
absolutely moistureproof, For square cable cutting, first tape insulated cable vith 
3M tape and cut through taped portion with hack saw, 


111 #15 Cadweld Charge with Copper Sleeve and Dise (for connecting #4 19-Strand cable to 
pipe by grouping strands into 5-three'’s a ~four). 


112 Mummy Wax for covering exposed pipe and connections in Item 111, 


bd A / —Scotenti item ce) 
Depending on Earth 

With Rock Free Spoil +—~ Resistivity ond Original “US. Korona Splicing 
Insulation’ Compound (item 109) 


1 Woter Tobie. 


rs ond 3M “Scotch” No 33 Elec 
} Tape (item'i0) 


Spoil From I'ft.xift. 


Coke Breeze Ditch DETAIL "A" 


SECTION A-A 


Figure 3—Typical horizontal ground bed installation. 


2. Auger 6-in, dia. x 10-ft. deep hole, 


3. Magnesium Backfill: thy Gypsum, 20% Bentonite and Sh Sodium Sulfate. 
First, pour in backfill mixture to about 2-ft, depth, Then lower magnesim 
anode (Item #4) in centre of hole. Add more backfill and a little water 


and plunge sparingly. Continue adding backfill, water and plunging until 
backfill covers anode by about 18 inches, 


4, High Potential Magnesium Anode tein, dia. or Deshaped x 60-in. long: 
with 15-ft. long #10 Insulated Lead Wire. 
5. Bury #10 TW insulated wire in 22 to 3-ft. deep trench which is free of rock. 


8. #5 Cadweld Charge, with Copper Sleeve and Disc for connecting #10 vire to 


pipe. 


9. Mummy Wax for covering exposed pipe and connection in Item #8. 


TRS 


Anode 
anodes determined by 


from pipe line, number ond spacing between 
the design specifications. 


Figure 5—Typical vertical single magnesium anode installation. 


additional advice, such inquiries 
forwarded through them the Toronto 
headquarters office. Thus division 
intendents are delegated 
bility and authority for handling the 
performance all work functions within 
their respective divisional areas. 

Figure shows the present breakdown 
the pipe line system into four divisions 
and eleven districts. 
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3 density Polyethylene insulated cable attached at one end). density Polyethylene insulated cable attached at one end). : 
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APPROX. 500 


ELECTRODE 


GROUND RODS, 
USE AT | 
LEAST 


APPROX. 100° 


APPROX. 


CURRENT INTERRUPTER 


ON 
OFF SWITCH 
ANO SPEEDO CONTRO! 


GROUND RODS, 

MOVE O-RES AMPS 

TOGGLE SW. RIGHT 


ABOVE SET UP FOR OBTAINING: 


CHANGE IN VOLTAGE OF CASING-TO-SOIL WHILE ENERGIZING AND DE-ENERGIZING PIPE 
~~ THROUGH AMMETER AND STORAGE BATTERY BY MOVING AMMETER TOGGLE SWITCH ON 1 


MULTICOMBINATION METER TO THE RIGHT AND BACK TO VERTICAL POSITION. 


STORAGE BATTERY 


— PIPE LINE> 


IF NO 


CHANGE IN CASING-TO-SOIL VOLTAGE, IT WILL NOT BE NECESSARY TO CONTINUE WITH 


TOS 


f CHANGE IN VOLTAGE OF PIPE-TO-SOIL: SAME AS ABOVE EXCEPT CONNECTION IS MADE 
‘* 19 PIPE AS SHOWN IN ABOVE DIAGRAM BY DOTTED LINE FROM RED LEAD WIRE. 
IS USED TO OBSERVE PIPE POTENTIAL CHANGE WHEN CLOSING 


THIS CONNECTION 
TOGGLE SWITCH. 


Figure 6—Check for casing short by comparison method (Step 1). 


Corrosion Section 

The Corrosion Section the Operat- 
ing Department designed fit with 
integrated organizational set-up. 
terest the general problem corrosion 
operating personnel, installation and 
maintenance all cathodic protection 
handled operating people 
through division superintendents. 
from top management right down 
the field laborer will better appreciate 
the economies corrosion preventive 
measures. These economies include the 
reduction elimination of: (1) repair 
the effect corrosion; (2) cost 
leaks and (3) cost gas lost 
due the effect corrosion. 


Corrosion Supervisor 
headquarters office the corrosion 
originates the design and spec- 
for all new cathodic protection 
under the direct 
the superintendent operations. The 
also plans the mainte- 
lance program. This includes (1) sched- 
pipe-to-soil potential measure- 
nents, (2) rectifier checks, (3) casing- 
resistance measurements, (4) in- 
flange resistance measurements, 
flow per millivolt drop, (6) 
current output measurements, 
attenuation tests, (8) coating resist- 
measurements, (9) polarization tests 
(10) joint interference tests with 
from other companies 
when conditions dictate). 
the headquarters office the corro- 
‘on supervisor has whose 
primary duty, besides that assisting 
tim assist corrosion personnel the 
division and district offices. 


Division Corrosion Technician 

Each division office has division cor- 
rosion technician who reports directly 
the division superintendent. His duties 
are supervise and train district person- 
nel carrying out the various functions 
mentioned above. The corrosion super- 
visor and his assistant work with the 
division corrosion technicians carrying 
out their work and training district 
personnel. 


Education and Training 

The education and training district 
personnel, starts with showing the 
International Nickel film 
“Corrosion Action.” The next step 
explaining the use meters and educa 
ing district personnel with regard 
vanic currents between metals 
and the effects cathodic protection 
means soil box demonstration. 
With small samples copper, black iron 
pipe, galvanized iron pipe, bright iron 
pipe, rusty iron pipe, zinc, magnesium 
and corrosion instruments the mechanics 
corrosion and cathodic protection can 
demonstrated very simply 
terms that the laborer can understand. 

Trans-Canada cognizant the fact 
that the success corrosion program 
and the savings resulting therefrom are 
directly proportional the knowledge, 
experience and ability its corrosion 
staff. increase these qualities divi- 
sion corrosion technicians, company 
school two months duration has been 
conducted during each the last two 
years covering mathematics, electricity, 
corrosion and general planning for ca- 
thodic protection installations. This type 
training possibly some modification 
probably will continued. 
recognized that many years may re- 


LOCATE THIS POINT PREFERABLY NOT CLOSER 
THAN IOOOFT. FROM CASING TO BE CHECKED 


Figure 7—Interrupter set-up for energizing and de-energizing pipe line to check 
for casing short by resistance measurement. 


quired develop the technical back- 
ground and experience required solve 
corrosion problems. 

easy for persons familiar with gas 
and mechanical engineering work 
judge the soundness engineering design 
and recommendations made per- 
sonnel this field. However, because 
the comparative newness corrosion in- 
vestigations and techniques, 
cathodic protection design systems 
not obvious. Consequently, company 
must rely its corrosion men for good 
judgment designs and recommenda- 
tions. For this reason, essential that 
corrosion personnel given broad expe- 
rience corrosion problems soon 
efficient training and time can permit 
them absorb this knowledge. 

Under the integrated system, the dis- 
trict man does both gas measurement and 
corrosion work. When not engaged 
measurement corrosion work, per- 
forms his normal duties which may 
maintenance utility work having 
with either pipe line compressor sta- 
tion. 

The man chosen for this work should 
have least high school education, 
electrician and have the ability follow 
instructions. Initially, under the imme- 
diate supervision the division corrosion 
technician corrosion supervisor, 
will required set instruments, 
make electrical test connections under- 
ground structures, read instruments, and 
record data. With experience, will 
expected perform these functions 
himself. will made responsible for 
the care and proper use electrical in- 
struments assigned him. Through on- 
the-job training, will expected 
acquire the knowledge the use volt- 
meters and ammeters incorporated 
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MILLER MULTICOMBINATION METER 


USED AS AN INDICATING 
VOLTMETER TO OBSERVE 
VOLTAGE SWING OF PIPE 
LINE WHILE MEASURING 
CHANGE IN CASING - TO - 


SOIL POTENTIAL. 


wuSO4 ELECTRODES 


APPROX. 500° 


CASING 
& 


ABOVE SET-UP FOR OBTAINING : 


Ga) CHANGE IN OPEN CIRCUIT CASING-TO-SOIL POTENTIAL, AVeys, CAUSED BY ENERGIZING AND 
DE-ENERGIZING PIPE WITH STORAGE BATTERY AT A REMOTE POINT THROUGH CURRENT 


TO RIGHT TO ON 
POSITION ~ 


INTERRUPTER AS SHOWN IN STEP 2. RECORD OW AND OFF MEASUREMENTS ON DATA SHEET: 
TAKE AT LEAST FIVE READINGS TO OBTAIN ACCURATE AVERAGE ; WHERE STRAY CURRENTS ARE 


INVOLVED, TAKE MANY MORE READINGS. READ OW READING AND THEN OFF READING 
IMMEDIATELY AFTERWARDS BEFORE CASING HAS A CHANCE TO DEPOLARIZE WHEN 


INTERRUPTER IS IN OFF POSITION 


38) CHANGE IN OPEN CIRCUIT PIPE-TO-SOIL POTENTIAL , A Vp s, UNDER SAME TEST CONDITIONS 


AS MENTIONED ABOVE .THIS MEASUREMENT IS 
OBTAINED FOR REFERENCE PURPOSES ONLY. 


Figure 8—Check for casing short by resistance measurement (Step 3—of 3 to 5). 


MILLER MULTICOMBINATION METER 


CASING 


MOVE TOGGLE 


CuSO,4 ELECTRODE 


MILLER MULTICOMBINATION METER 


500° 


APPROX 


ABOVE SET-UP FOR 


Gs) CHANGE IN CASING-TO- SOIL POTENTIAL, AV cys , WITH CASING 
SHORTED TO PIPE THROUGH AMMETER 


CHANGE OPEN CIRCUIT PIPE-TO-CASING POTENTIAL, 


THEN, RESISTANCE PIPE-TO-CASING = 
(STEP 4A) 


PER 
STEP 5, AVess(SHorT cKT) | STEP 48, 
Aess(OPEN CKT) (STEP 3) 


PIPE 


PER 


Figure 10—Check for casing short by resistance measurement (Step 5—of 3 to 5). 


the Miller Multicombination Meter, cur- 
rent interrupter, copper-copper sulfate 
electrodes, pipe locators, rectifier tests 
and maintenance and other electrical 
come proficient accurately reading the 
above meters and recording results 
data forms for forwarding 
superintendent and the corrosion 
supervisor. 

Although certain amount the 
man’s work will routine testing, the 
greater portion will test work 
investigational nature. For example, 
will frequently working with the divi- 


224t 


Figure 9—Check for casing short by resistance measurement (Step 4—of 3 to). 


Scale: 5-0-5 Volts 
Pipe~ to~Remate Soil 


= 


Chart 
Sept 26-27 1959 


by 


Figure 11—Recording chart illustrating effect of magnetic interference on 


sion corrosion technician 
coating resistance, calibrating pipe, mak- 
ing attenuation tests, polarization tests 
and other various tests 
mentioned. His routine functions include 
pipe-to-soil potential measurements, rec- 
tifier readings and magnesium anode cur- 
rent measurements. 


Installation Procedures 
assist the division 
nician and others from district personnel, 
typical drawings have been prepared cov- 


pipe-to-soil potentials. 


ering recommended installation 
dures and use field test meters. 
illustration this, Figure shows 
typical vertical ground bed installation. 
Figure shows horizontal 
ground bed installation, Figure 
ical vertical installation 
Figure typical vertical single 
sium anode installation. illustration 
step-by-step instruction procedure de- 
signed for use the field man, Figures 
6-10 show tests determine casing 
shorted the carrier pipe and method 
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measuring resistance between casing 
carrier pipe. 

Figure shows procedure for rough 
comparison method determining 
potential earth swings when 
energized and de-energized. Fig- 
shows the interrupter set-up for 
and de-energizing pipe line 
and Figure the test procedure for ob- 
change open circuit voltage 
soil while energizing and de- 
energizing pipe line. Figure shows test 
for obtaining change short 
current connecting pipe cas- 
ing through ammeter and change 
casing-to-soil potential result en- 
and de-energizing pipe line with 
this shorted condition. Figure shows 
est procedure for obtaining change 
open circuit voltage between pipe and 
casing while energizing and de-energizing 
pipe line and gives formula into which 
sistance. 


Any 
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case there are variations test 
readings due magnetic earth currents, 
the measurement personnel are instructed 
obtain many more readings for aver- 
aging-out purposes. Figure shows 
recording charts illustrating effect 
magnetic interference pipe-to-soil po- 
tentials. 

Trans-Canada’s 
construction program functions through 
the division superintendents manner 
similar that described for operating 
maintenance. The corrosion supervisor 
initiates the plans for rectifier construc- 
tion with letter division superintend- 
ent requesting suggestions for location 
rectifier ground bed sites along the pipe 
line that appear clayish and moist 
and are the vicinity power lines 
approximately 25-mile intervals. For the 
most part division and/or district per- 
sonnel will sufficiently familiar with 
the line that such areas meeting these 


general requirements readily come 
mind and can pinpointed through re- 
view alignment drawings. power 
available, often the case, similar 
information likely sites for mag- 
nesium anode beds welcomed. With 
this information and original 
tivity measurements made during pipe 
line construction, the division corrosion 
technician with the help district per- 
sonnel, can proceed with 4-pin 
sistivity measurements 
areas with minimum time and effort. 
From these tests, decisions for location 
rectifier units magnesium anode 
groups are made. 

Trans-Canada has long pipe line 
operate and maintain. anticipated 
that the corrosion preventive mainte- 
nance program will provide very low cost 
insurance against corrosion for many 
years come and will simultaneously 
result lower pipe 
costs. 


discussion this article not published above 


will appear the December, 1960 issue. 


Technical Papers Corrosion Welcomed 


Authors technical papers corrosion are invited submit them for review without invitation 
the Editor Corrosion. Write for “Guide for the Preparation and Presentation Papers” sent free 
request prospective authors. 


| 
, 
| 
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Sea Water Exposure 70-30 Cupro Surface Condensers* 


Introduction 


report the research and development 
leading the selection 70-30 cupro 
nickel tubes and tube sheets and 70-30 
cupro nickel lined waterboxes for 95,000 
sq. ft. surface condensers for Units and 
the Los Angeles Department 
Water and Power’s Scattergood Steam 
Plant. 

The condensers for Units and 
this plant allow sea water come into 
contact with only 70-30 nickel. 
Both practical experience and engineer- 
ing investigations dictated this choice. 

The performance condenser tubes 
and waterboxes the Harbor Steam 
Plant were studied for several years. 
These studies indicated that condenser 
designed with aluminum brass tubes and 
and steel waterboxes with suitable lin- 
ing would give low first cost equipment. 
However, the problem finding suit- 
able lining for steel waterboxes and the 
difference the expected life alumi- 
num brass and 70-30 cupro nickel tubes 
resulted choice condenser using 
70-30 cupro nickel contact with the 
sea water. 

organized search for metals and 
protective coatings which 
resist sea water corrosion was started 
1943. test program which several 
thousand condenser tubes 
under actual operating conditions was 
this test, was tentatively concluded 
that 70-30 cupro nickel with iron con- 
tent 0.4 0.8 percent was the most 
economical material for sea water con- 
denser tubes. 

this test Admiralty, aluminum brass, 
aluminum bronze, 90-10 nickel, 
70-30 cupro nickel, and several other 
special alloys were tested. Condenser 
tubes with plastic coatings the inside 
also were investigated and investigations 
coatings for tube sheets, tube ends, 
and waterboxes are continuing. Several 
promising coating materials have been 
found; however, the special 
quired for their application, the problems 
making the equipment available for 
maintenance, the uncertainty 
durability, and the continuing costs 
repeat applications have 
search continue. 

The extensive corrosion the cast 
iron waterboxes condensers using brass 
tube sheets and tubes caused the graphi- 
tized surface the cast iron ca- 
thodic the brass sheets and tubes. The 
layer graphite the corroded surface 
the waterbox offered 
protection the remaining cast iron. 
also appeared set galvanic couple 
with the tube sheets and tube ends caus- 


Submitted for publication September 28, 1959. 
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TODHUNTER 


Abstract 


report given research and develop- 
ment leading the selection 70-30 cupro 
nickel tubes and tube sheets and 70-30 
cupro nickel lined waterboxes for 95,000 
sq ft surface condensers in a steam plant. 
Topics discussed include design considera- 
tions, use of protective coatings, elimina- 
tion galvanic couples, resistance 
metals to sea water, and economic factors. 


ing galvanic attack the brass. Cast 
iron with coating graphite was very 
difficult cover with protective coat- 
ing and even more difficult the graphite 
were removed and the surface made 
anodic the tube sheets and tube ends. 

Two new units were being designed. 
Their condensers were sized give 
turbine back pressure 1.5 in. Hg. Abs. 
when using approximately 78,000 gpm 
cooling water condense about 
750,000 steam. 95,000 sq. 
ft., single-pass condenser 
with 40-foot long tubes and 5-foot per 
second cooling water velocity. per- 
cent cleanliness factor was used for 

percent metal transfer coefficient 
(in accordance with Heat Exchange In- 
stitute Standards) was used for the 70-30 
cupro nickel. This results about 
percent more condenser than would 
required for aluminum brass, the second 
most economical condenser tube material. 
Experience indicates, however, that after 
operating few months the heat transfer 
rate cupro nickel will equal even 
exceed that aluminum brass. This ap- 
pears result from the difference 
corrosion action and protective film 
formed the tube wall. The aluminum 
brass the harbor water forms many 
small pits that fill with corrosion prod- 


Eno PREPARATION 


Complete weld on stee/ side and 
Carefully align lip cages \ Complete hydrostotic test of 
and tack weld on steel \woterbox before depositing nonferrous 
side \welds on plate joint 


fhe root pass of thé 
stee/ weld 


Mor. \ Grind smooth before welding 
layer No. 


Figure 1—Welding requirements for joining 70-30 
copper-nickel clad steel plate. 


H. A. TODHUNTER—Mechanical engineer in 
Steam Design Section, Department of Water 
and Power, Los Angeles, Cal. He supervises 
a group specializing in design and layout of 


while 


central power stations and in water treat- Non-cont 
ment and corrosion problems. He has an the steam 
engineering degree from Ohio State Univer- ne 
sity and has been with his present employer steam jet 
since 1936. He is a member of ASME, ASTM ' ' 
and NACE. jets were 
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Figure 2—Welding requirements for 
clad waterbox flanges. 
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Figure 3—Welding requirements for flanged openings tube 
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Figure 4—Artist’s drawing of the condenser ordered. 


while the cupro nickel retains 
smooth surface. 
Non-condensibles were removed from 
the steam side the condenser 
seam jet vacuum pump. Three 2-stage 
jes were used, each which was de- 
for cfm capacity. One larger jet 
was used for starting. Gases 
from the waterboxes wet-type 
The turbine back pressure 
cooling water requirements were arrived 
evaluation the entire circu- 
water system and the effect 
vauum the turbine heat rate and 
make possible keep the 
feed low and avoid mechani- 
cleaning the tubes. 


Design Considerations 
and tube end problems the 
condenser, engineering search 
made for condenser that would 
free from galvanic attack. Some 
the designs available accomplish this 
included: 
design using dissimilar metals 
the cooling circuit. 
design using cathodic protection 
action. 


design using protective coatings 
dampen galvanic action. 

the above schemes. 


order evaluate these ideas, con- 
employing the following designs 
were studied: 

with cast water- 
boxes, 70-30 cupro nickel tubes and 
tube sheets, and cathodic protection 
using magnesium anodes. 

waterboxes with 70-30 cupro 
nickel tubes and tube sheets, with 
protective coating the steel, and 
with electrical insulation between the 
cupro nickel and the steel. 


designed with 70-30 


nickel waterboxes, tubes, and 
tube sheets. 


The first type condenser unit consid- 
ered had cast iron boxes, 70-30 cupro 
nickel tubes and tube sheets, and cathodic 
protection. This condenser design was 
accepted for use alternate con- 
denser specifications. The shells for the 
waterboxes six inches 
larger cross section than the tube 
sheet drilling order provide room 
for anodes for cathodic protection. 

experience, this time, had not 
been good with protective coatings for 
cast iron this service, 
coating was included. The initial protec- 
tive coating Harbor Steam Plant, 
Units and condensers lasted less 
than one year and the subsequent coat- 
ings were even less effective. The porous 
nature cast iron causes difficult 
coat. The vacuum conditions under 
which these boxes operate also make 
coatings difficult hold. continually 
experimenting with plastic coatings 
they are developed, techniques and skill 
are improving this field. 

However, the coatings applied just 
prior the purchasing the Scatter- 
good Steam Plant condensers had not 
been very satisfactory. The technique 
that time for coating waterboxes required 
sandblasting the inside surface, fol- 
lowed thorough drying hot air 
blast. After that, heavy coat poly- 
vinyl chloride was applied cold spray- 
ing. This formed heavy, tough covering 
and first appeared very effective. 
However, after few weeks, large blisters, 
one inch more across, started forming. 
These blisters appeared filled with 
gas which apparently was pulled out 
the cast iron the vacuum 
waterbox. 

Recently, coatings epoxy resins were 
found protect cast iron waterboxes 
much more effectively. Such coatings, 
skilfully applied new condenser, 
might last many years. 

The second type condenser unit con- 
sidered had 70-30 cupro nickel tubes and 
tube sheets with waterbox made en- 
tirely steel. protective coating was 
required for all the steel surfaces 
exposed sea water, and the steel 


Figure 5—Cupro 


nickel lined waterbox during construction. 


the waterbox was electrically insu- 
lated from the cupro nickel. Such pro- 
tective coating would more satisfac- 
tory the steel waterboxes were com- 
pletely insulated from the more noble 
tube sheets and tube ends this would 
prevent the steel from acting sacri- 
ficial anode. 

The plan insulate the steel from the 
cupro nickel prevent galvanic cou- 
ple from forming between 
presented complicated design problem. 
This electrical insulation 
cated because thick insulating gasket 
would required between the tube sheet 
and the waterbox flange, and the bolts 
holding the waterbox the tube sheet 
would need completely insulated 
from these parts insulating sleeve 
around each bolt and heavy insulating 
washers under each nut. Such design 
would require larger bolt holes and larger 
flanges. The heavy loading the insu- 
lating parts also presented difficult 
stress problem, and satisfactory ma- 
terial for this service was decided upon. 
Because these complications and 
opinion that this design would result 
higher cost than the cast iron water- 
box design, was decided omit this 
alternate from the specifications. 

The third type condenser unit consid- 
ered had 70-30 cupro nickel waterboxes, 
tube sheets and tubes. Since was 
design different from those previously 
used, specifications were prepared that 
tween the new type cupro nickel water- 
box design and the cast iron waterbox 
design service. 

The intent this design furnish 
materials about the same nobility for 
all the surfaces exposed sea water. 
The tubes recommended the con- 
denser tube committee are 70-30 cupro 
nickel with about 0.5 percent iron. This 
left the tube sheets and the waterboxes 
for detailed analyses. was found that 
70-30 cupro nickel tube sheets inches 
thick would strong Muntz metal 
tube sheets inches thick. This reduc- 
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tion material weight partly compen- 
sated for the difference material cost. 

studying the cost more noble 
materials, such Monel, stainless steel, 
and 70-30 cupro nickel for waterboxes, 
became evident that these materials 
would expensive use. Cupro nickel 
cladded material offered good compro- 
mise. The fabricated cost 0.25 inch 
cladding 0.75 inch steel was only 
more than the 0.1 inch clad- 
ding 0.9 inch steel. result, 0.25 
inch minimum thickness cupro nickel 
cladding was specified. 

Careful investigations were 
determine the iron dilution cupro 
nickel which would expected the 
welded joints. was determined that 
weld with very little iron dilution the 
last pass could made four passes 
were used joining the 0.25 inch 
cupro nickel cladding. 
tions showed that the iron dilution could 
kept less than 1.5 percent the 
last pass. Figure shows the procedure 
for butt welding the clad plate used 
the waterbox construction. 

The construction flanges and nozzles 
also required special consideration. The 
main concern was for 
would have the same potential 
rounding surfaces and would continu- 
ous. surface built welding, 
shown Figures and was found 
strips cupro nickel steel was not 
considered acceptable. 


Cost Considerations 

After thorough comparison the 
three types waterbox designs, alternate 
specifications for price comparison were 
prepared for the first and third types, 
namely, the cast iron waterbox and the 
70-30 cupro nickel clad waterbox designs. 


Any 
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the fall 1955 and bids were received 
for both types construction from seven 
bidders. 

The bids were studied and 
comparison was made. The low bid for 
the cupro nickel clad waterbox design 
evaluated percent less over the life 
the unit than the low bid for the cast 
iron waterbox design. 

Figure artist’s drawing the 
condenser ordered. designed for 
effective air removal from the steam side 
when either both halves the con- 
denser are operation. The drips from 
the colder section the condenser and 
the air removal section receive special 
deaeration the hot well. The large 
steam dome, which designed for good 
steam distribution, houses the feedwater 
heaters for the two low pressure bleed 
points. These heaters, both one shell, 
are located below the center the dou- 
ble flow exhaust section 

Figure shows cupro nickel lined 
waterbox during construction. The water- 
box flanges, shown Figure are 
faced with cupro nickel out the bolt 
holes. From the bolt holes the outer 
edge, carbon steel used not 
exposed sea water. The faces all 
flanges are completely 
covered with cupro nickel. 

Figure view the inlet end 
the condenser place. The opening 
the dome for the feedwater heaters, 
which were installed during erection. The 
cupro nickel tube sheets and clad water- 
boxes are shown being installed. 

Tests the Unit No. condenser 
under actual operating conditions showed 
that performed considerably 
than the Heat Exchange Institute 
requirements and about expected. The 
clean heat transfer rate 
steam flow averaged 653 Btu/sq ft/deg 


Figure 6—View inlet end condenser place 


which about percent above HEI 
The heat transfer rate after fev 
days service averaged 500 Btu/sq 
deg about percent above the design 
point—75 percent clean. After about one 
month’s additional operation, 
transfer rate rated steam flow dropped 
steady rate which was about 
percent above the design point. 

The excellent performance this con- 
lanes and the thin, smooth corrosion 
The condenser waterboxes, 
and tube ends when inspected after about 
five months service, were found 
excellent condition. 


Reference 


1. H. A. Todhunter. How Lengthen Condens 
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discussion this article not published above 
will appear the December, 1960 issue. 
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Introduction 


IRCALOY corrodes slowly when 

heated for long periods 320 
water 1700 psi. shows weight gains 
the order 0.3-0.5 
Corrosion the alloy high tempera- 
ture water often characterized pe- 
riod decreasing rate, varying length, 
rate, these factors being depend- 
ent the quality and condition the 
material under test. For example, the 
conditions which affect the onset the 
transition linear corrosion rate are 
diverse and would seem related 
impurities (e.g., nitrogen, carbon, alu- 
minum, cold working and various surface 
treatments. 

maintain the corrosion rate 
minimum common practice, before 
testing the alloy, prepare 
surface; this entails 
moval insoluble scale shotblasting 
with 120 mesh steel grit and pickling for 
cent hydrofluoric acid solution. This 
treatment reduces metal thickness ap- 
proximately 0.002 inch and said 
the disturbed region respon- 
for observed accelerated corrosion 

Many effects the corrosion the 
alloy high temperature water are at- 
alloy condition, composition 
tion the metal has not been studied 
any detail previous workers other 
than who recently and independ- 
ently arrived some the conclusions 
the effects surface preparation 
shown this report. 

this work polished surface, taken 
arbitrary control, was compared 
with “as drawn,” pickled, anodized and 
welded finishes. Gaseous surface treat- 
ment with hydrogen and nitrogen was 
examined and the effect nitrogen 
gated testing specimens with varying 
concentration this element. Finally 
tion point, were cleaned and retested 
demonstrate the effect 
the process. 


Experimental Procedure 


For the tests involving surface prepa- 
inch long inch diameter and 0.040 
inch thick from two different ingots were 
Analyses these tubes and the 
materials tested this work are 
Table 

After various surface preparations, de- 
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alloy zirconium with 1.5 percent tin and 
additions of iron, chromium and nickel. 


Autoclave Testing Zirconium Alloys* 


FLINT 


scribed below, specimens were suspended 
jig inside 18-8-1, stabilized 
stainless steel autoclave containing de- 
mineralized water 6.5. The water 
was changed for each test and attempt 
was made purge nitrogen from the 
autoclave atmosphere water the start 
any run. The autoclave technique and 
temperature control are described 
previous report Britton and 
After each test run the autoclave was 
opened slowly release any hydrogen 
formed result and the 
specimens were dried 120 
oven, brushed with camel hair brush 
and weighed. 


Surface Preparation 


brief description the surface prep- 
arations tested given below. 


Polished surface. The metal was mechan- 
ically polished grinding emery 
wheel (dressed with 120 grit), followed 
bobbing with grease bound chromic 
oxide (approx. 400 mesh) buffing 
with Vienna lime; 0.003 inch metal thick- 
ness was removed the process. Alloy 
(Table was used for these tests and 
specimens were degreased with acetone 
before use. 


Surface “As Drawn.” The tube fabri- 
cated (Alloy Table was covered 
with matt black scale and was used for 
tests this condition, after 
moval with acetone. Experiment showed 
this scale soluble the standard 
nitric-hydrofluoric acid pickle the in- 
side the tube only. This may due 
film formation restricted oxygen 
atmosphere, during extrusion the in- 
side the tube, film which, being un- 
Al,O, 


Failure open autoclaves slowly leads igni- 
tion of the contained gas and, where corrosion 
has been extensive, explosions. 


OLIVER FLINT senior experimental of- 
ficer at the Atomic Energy Research Estab- 
lishment, Harwell, England. He is an asso- 
ciate of the Royal Institute of Chemistry, 
and has been employed during the past 
years on problems connected with electro- 
deposition and the corrosion of metals. 


Abstract 


No. significant difference between water 
corrosion of American and British Zircaloy- 
2 at 320 C is observed when corrections for 
variations in autoclave testing techniques 
are made. Nitrogen contents up to 220 
ppm can be tolerated in British Zircaloy 
without acceleration of attack. Mechanical 
polishing or the conventional nitric-hydro- 
fluoric acid pickle, as pre-treatments prior 
to testing, appear to be equally efficient in 
minimizing corrosion effects. Welding does 
not impair corrosion resistance, provided 
the weld made and surface 
polished. 

retest material already taken beyond 
the transition point which Zircaloy 
corrosion rates become linear showed the 
characteristically low initial rate of the 
alloy control specimen spite the high 
hydrogen concentration generated in the 
first test. 6.3.20 


saturated, could expected have 
greater reactivity. 


Mild pickle. Material the “as drawn” 
condition (Alloy Table was de- 
greased and rumbled water with 
grit carborundum for hours remove 
scale and then pickled solution 
percent sodium fluoride and percent 
ammonium chloride normal sulfuric 


TABLE Materials Tested* 


Alloy | Sn Fe Ni Cr 
(1) Polished Zircaloy 2 | 

Tube British....... 1.6% 820 | 280 
(2) “‘As Drawn" Zircaloy 

2 Tube British........ 5% 990 | 435 
(3) Zirealoy 2 laboratory 

prepared stock for ni- > 

trogen alloys.......... 1.55% | 1200 | 365 

(a) ‘‘Post-transition" | 

(b) Control specimen...| 1.5% 600 | 300 
(5) American Zircaloy 2 

Nominal analysis 

(Lustman (11))........ 1.5% 1200 | 500 


495 | 130 


500 
500 


1000 


Al C | Si| Pb; Ne 


| 


| 
Oz | Cl} He 


* All elements expressed in ppm with the exception of Sn. 
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@40246 86 502 46 6 
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Figure 1—Variation of corrosion of Zircaloy-2 with autoclave test technique. 


TABLE Corrosion Rates for Various Surfaces* 


Number of | Time to 
Specimens | Slope Before Slope After Inflection 
Sample Tested | Inflection Inflection (Days) 
5 & 10 hrs. in hydrogen at 320 C...... 4 0.255 
American alloy at 288 C............. Uncorrected 
American alloy at 360 C............. ....| Uncorrected 1.650 | ~100 


Standard Pickle (Britton & Wanklyn (4)).. 


Corrected 


* All slopes corrected to NO WATER CHANGE for standardisation. 


acid, room temperature for minutes. 
This treatment removed 0.001 inch wall 
thickness and was designed less 
rigorous than the 
fluoric acid pickle. 


Anodized surface. Alloy (Table was 
shot blasted and pickled the standard 
way. was anodized room tempera- 
ture percent ammonium borate solu- 
tion constant current density 2.5 
Formation potentials 20, 50, 
75, and 100 volts were reached dif- 
ferent specimens giving interference 
colors equivalent film thickness 400, 
1,000, 1,500 and 2,000 respectively. 
The method used and thickness estima- 
tions are fully described the litera- 
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Welded surface. Two clean samples 
Alloy (Table tube were butt-welded 
atmosphere pure argon, de- 
scribed Purchas The weld 
formed was bright with large grain size 
mm) the melted zone. Contami- 
nation the welding gear atmosphere 
with grease, oxygen nitrogen gives rise 
black welds with poor corrosion char- 
acteristics. 


Post “transition” retest. specimen pre- 
viously autoclaved beyond the transi- 
tion point which linear rates occur 
(Alloy 4a, Table and having 
colored loose oxide skin, was shot blasted 
and pickled the standard nitric-hydro- 
fluoric acid pickle. This specimen lab- 
oratory melted and rolled sheet had 


Ne OF WATER CHANGES 


Figure 2—Correlation between water change and weight variation. 
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high nitrogen content. comparison Was 
made between Alloy and 
the virgin material, Alloy 4b, Prepared 
similar manner. 

addition the test surfaces 
scribed, specimens Alloy (Table 
were heated hydrogen and 
varying periods estimate the effect 
such gaseous annealing subsequent 
corrosion. The temperatures chosen 
resent the lowest which appreciable 
uptake the gas might expected 

investigate the effect 
impurity depth rather than 
face skin, alloys containing various 
centrations nitrogen were prepared 
argon arc melting Zircaloy (Alloy 
Table 1), with zirconium 
proportions calculated give 
five alloys containing 100-1,000 ppm 
nitrogen. Losses during melting pr. 
vented this and analyses gave 165, 205, 
210, 220 and 225 ppm nitrogen 
tively. Buttons these alloys were sliced, 
drilled for suspension, pickled the 
standard pickle and tested determine 
the nitrogen concentration which 
transition linear rate 


Autoclave Technique 

During autoclave tests, corrosion the 
stainless steel bomb wall frequently con- 
taminates the contained water with 
ferric hydroxide also formed 
tion this the specimen may take 
place and give rise confusing 
This observation prompted the decision 
make water change after each 
men examination during run. spite, 
because this precaution, anomo- 
lous decrease weight with time the 
first sixty days was observed almost 
every case irrespective the type 
test involved. 

the variations appeared ass- 
ciated with frequency specimen 
amination, two individual sixty day runs 
were made using polished alloy (Table 
test material. The specimens 
each bomb) were weighed weekly, with 
water change per examination one 
bomb but not the other. These results 


The zirconium nitride used was the form 
small, acicular, golden yellow crystals. 
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Figure 3—Corrosion polished Zircaloy-2 water 320 
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with those surface corrosion 
reported below. 


Results 


Technique 


The weekly variation weight 
fresh and unchanged water 
weight increase over the test period 
fresh water suggested some dissolution 
the film during formation rather than 
taminants. linear relationship (Figure 
obtains between this difference 
weight change and the number water 
changes. From the curve weight loss 
0.0614 mgms/cm? per water change 
and this factor incorporated 
subsequent results correction. 

Since the water charge per bomb has 
avolume 120 cc, this indicates dis- 
the solubility product zirconium 
oxide water the test temperature 
320 Analysis water charges gives 
zirconium content this order 
magnitude. 


Surface Treatments 


Polished surface. Figure shows the 
variation weight polished Zircaloy 
time, water 320 and also 
the corrected variation assuming that 
water change took place between each 
examination. The anomalous dip the 
curve the first days, associated with 
the solubility the metal oxide water, 
the correction and linear 
rate then observed. Assuming that the 
law the form kt®, then log/log 
plot gives the slope the corrected curve 
0.30. This rate good agreement 
with Lustman’s for American 
despite the differences quality the 
two alloys. The two rates are given be- 
cause not clear from the literature 
whether American practice dictates 
water change per specimen 

that the transition linear rate 
British Zircaloy accelerated the 
acid pickle. comparison between 
the two alloys when pickled made 
(see Figure 6). 


Surface “as drawn.” Zircaloy this 
(Alloy Table 1), proved 
surface scale which was loosened 
autoclave conditions. This produced 
initially high weight loss the first 
but small loss over the test period. 
shows this variation, corrected 
observed loss equivalent weight 
With this correction, oxidation 
plot (Table 2). This still well below 
the transition linear rate spite 
fact that preliminary surface 
had been made and that the 


nitrogen content this alloy 
(390 ppm). 


Mild Pickle surface. This form prep- 


‘ation produced rougher surface than 
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Figure 4—Corrosion of “as drawn” Zircaloy-2 in water at 320 C. 
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Figure 5—Corrosion welded Zircaloy-2 water 320 


that formed the standard pickle and 
the relatively high corrosion rate 0.730 
(Table was observed. This high rate 
may due the absorption 
ions the rough surface left the 
tumbling 


Anodic oxide surface. This surface pre- 
treatment made significant difference 
the oxidation behavior during the 
autoclave test. Irrespective oxide film 
thickness formed, rate 0.541 was 
observed, which slightly higher than 
the polished control surface (see Table 


Welded surface. These results are 
good example the water change effect. 
chance the first examination and 
change water took place after days 
and there were subsequent water 
changes the next 40. Figure shows 
plots weight increase with time, both 
with and without water change. Within 
the limits experimental error linear 
plot produced the correction and 
oxidation rate 0.361 (Table 
obtained. Thus welding has apparent 
effect the corrosion the alloy. 


Post “Transition” retested surface. The 
rate oxidation the freshly pickled 
“post transition” specimen and 
control were substantially the same (see 
Table 2). Therefore “memory 
was observed, although the hydrogen con- 
tent the retested sample, before the 
second test was 1450 ppm compared with 
ppm for the control (Table 
1). This concentration hydrogen does 
not appear influence further corrosion 
fresh surface. The high over-all rate 
oxidation for stock (Alloy 
Table due excessive nitro- 
gen content 1210 ppm. 

Heat treatment Zircaloy (Alloy 
Table both hydrogen and moist 
nitrogen 320 and 500 respectively 
for varying periods gave similarly low 
rates oxidation. the two gases and 
the conditions are different the reason 
behind this reduction rate not ob- 
vious but may due (a) low 
concentration oxygen (always present 
gaseous impurity), (b) hydro- 
gen diffusion from the gas dissociated 
water (present the moist nitrogen 
test). 

One exception the above was given 
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CORRECTED 


Time @ays) 


AMERICAN PICKLED Z!IRCALOY 
AT 860°C (LUSTMAN) 


BRITISH PICKLED 
ZIRCALOY AT 320° 
CORRECTED. 


AMERICAN PICKLED ZIRCALOY AT 
266°C (LUSTMAN) ~- CORRECTED 


AMERICAN AT 360°C :- UNCORRECTED. 


AMERICAN AT 288°C - UNCORRECTED 


1000 


Figure 6—Comparison of British and American Zircaloy corrosion showing transition point. The term 
“Lustman” in graph refers to Reference 11. 


the alloy when heated for hours 
hydrogen 320 this case the 
metal became brittle, absorbed 0.14 per- 
cent weight hydrogen and auto- 
claving gave weight increase 6.5 
mg/cm? the first eight days, which 
left the sample covered with loose 
white film, condition found well beyond 
the transition point. 
showed that great part the material 
was the form hydride. 


Finally, the results nitrogen con- 
tamination depth gave similar plots, 
from 165 225 ppm concentration. The 
rate oxidation (when corrected for 
water change) was 0.5 (Table 2), 
little higher than the polished control 
linear rate was observed after 200 days 
any alloy. 


Discussion 


seems, from the results quoted 
above, that pretreatment Zircaloy 
blasting, not essential maintain low 
rates attack postpone the transi- 
tion linear corrosion rate. The com- 
position the alloy can also vary within 
wide limits without acceleration attack. 
Further weight can given these con- 
clusions when the results 
pared material factory condition are 
considered. Even this case, early tran- 
sition linear rate attack does not 
seem occur. Similar results with 
ground and metallographically polished 
surfaces have been found inde- 


Any 


pendently this work, material 
different composition. 

The similarity attack welded 
and polished surfaces provides result 
inference here that initial clean bright 
welds (argon arc) are unlikely 
failure sites high temperature water 
systems. The retest material already 
corroded beyond the transition point 
surface halts the accelerated attack and 
that the inherent corrosion the alloy 
does not depend therefore its earlier 


The importance placed 
workers nitrogen content appears 
have been over-emphasized for Zircaloy 
the light results given above. The 
practical limits nitrogen concentration 
seem much higher than the nominal 
ppm quoted the With 
British material, 220 ppm nitrogen 
can tolerated without undue accelera- 
tion attack (see Table 2), 
relaxation should reduce the production 
costs the alloy considerably. 


Finally, Figure shows comparison 
results between American and British 
Zircaloy plotted log/log scale. 
the top three curves the “water change” 
correction has been made. Apart from 
the fact that occurs sooner 
higher temperatures the results all 
show similar rate and magnitude, ir- 
respective temperature alloy source. 
If, however, this correction not made, 
the bottom two curves for Ameri- 


can Zircaloy much lower 
appears have taken place. the light 
the corrections suggested that 
American Zircaloy are 
essentially identical behavior since any 
differences could result 
autoclave technique. 


Conclusion 

Because direct influence experi. 
mental technique the corrosion 
Zircaloy autoclaves shown this 
work becomes clear that previous 
sults should final 
conclusions alloy corrodibility are 
made. 

Furthermore, some control 
sion rate, exercised surface finish, 
revealed. nitric-hydrofluoric acid pickle 
before high temperature water testing 
not imperative, since similar minimum 
corrosion rates can arrived 
polishing only, without 
danger accelerated attack due ab- 
sorbed fluoride ions, retained 
ling. This work also shows that 
tion” linear rate attack nota 
“once for phenomenon, “mem- 
effect was shown retesting cleaned 
material after initial failure. 

The fact that nitrogen contents 
220 ppm can tolerated British 
Zircaloy without seriously 
corrosion resistance interest, since 
relaxation fabrication control, 
this direction, will materially lower pro- 
duction costs. 
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discussion this article not published above 
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Cathodic Protection Hulls 
And Related Parts 


Report NACE Task Group T-3G-1* 
Cathodic Protection Hull Bottoms Ships 


Introduction 


LTHOUGH THE 
tion principle has been applied 
hulls the form zinc plates for more 
than 130 years, there now rapidly 
developing interest the use im- 
pressed current and galvanic current 
sources control hull corrosion. 

NACE Task Group T-3G-1 
ganized outline the problems, 
summarize information now known and 
establish recommended practices for 
the cathodic protection hulls. 

The initial report the task group 
presented for guidance and outline for 
future work. 


Application 

Cathodic protection can 
fully applied prevent corrosion 
the exterior underwater areas all 
steel hulled vessels. The scope this ap- 
plication includes all metal vessels oper- 
ating below the surface the 
water, both moving and stationary. 

The term “hull” this report means 
the exterior surface any object used 
marine service for the 
pose maintaining regulating buoy- 
including all parts réquired its 
function. 

Cathodic protection can successfully 
applied metals other than steel. How- 
ever, because the possibility causing 
corrosion certain non-ferrous 
metals, the cathodic protection non- 
metal systems should not at- 
tempted without the close supervision 
corrosion engineer. 

Where one hull cathodically 
protected and this hull close prox- 
mity other hulls metal structures 
which protection not being fur- 
the hull cathodically pro- 
tected must electrically isolated from 
the other hulls and metallic structures. 

design the protective system 
should supervised qualified corro- 
engineer provide proper current 
prevent excessive coating damage 
guard against harmful stray cur- 

Where group hulls are 


Newark, New Jersey, chairman. 


cathodically protected from single ca- 
thodic protection system, all hulls 
protected must electrically bonded 
each other. The group hulls under 
protection must electrically isolated. 

cases where the hull part the 
hull subject frequent intermittent 
exposure the water, 
tion cannot considered 100 percent 
effective preventing the corrosion that 
occurs the atmospheric exposure part 
the cycle. 


Measurement Protection 

The protective effect applied cur- 
rent hull can established 
measurement the hull potential against 
reference electrode, periodic compari- 
son the hull plate dimensions and/or 
examination products the hull. 

The application protective current 
amount too small provide com- 
plete protection will still result 
tially reduced corrosion the hull. 


Hull Reference Electrode Potentials 
Nearly all metals sea water are pro- 
tected when the potential the corrod- 
ing surface shifted least 100 milli- 
volts the electronegative direction. 
Substantially complete corrosion con- 
trol achieved steel hull when 
polarized potential —.78 volt 
more electronegative measured against 
saturated calomel reference elec- 
trode (or its equivalent) positioned 
the point interest the hull surface. 
The potential non-moving hull 
can measured against reference elec- 
trode lowered keelhauled the points 
interest. Example: Position the refer- 


NACE TECHNICAL 
COMMITTEE REPORT 
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Abstract 


A summary is made of information known 
about cathodic protection of ship hulls and 
related parts. Problems involved in_ the 
cathodic protection of hulls are outlined 
and factors which influence protective cur- 
rent requirements are given. Data reported 
include protective potentials of steel hulls 
measured against four reference electrodes, 
advantages and disadvantages of the sacri- 
ficial anode vs the impressed current anode, 
and properties of magnesium, zinc and alu- 
minum galvanic anodes. 5.2.1 


ence electrode close proximity the 
rudder, stern frame, when cathodic 
protection current applied from anodes 
located the stern areas. 

The potential moving hull can 
measured against reference electrodes se- 
cured the hull the selected points 
interest. The potential hulls receiv- 
ing overall cathodic protection from dis- 
tributed anodes may measured against 
trailing reference electrode (50 feet 
more behind the vessel). The potential 
measured with trailing electrode should 
correlated with the potentials meas- 
ured representative hull surfaces. 

The protective potentials steel hulls 
measured against four different reference 
electrodes are tabulated Table 

Permanently attached reference elec- 
trodes should selected for the water 
which the hull operates. The electrode 
should require “foreign” electrolyte 
maintain the specified concentration. 
This requirement usually 
choice two electrodes, 
silver chloride zinc. 


Comparison Plate Dimensions 
direct measure the corrosion rate 
hull may established compari- 


TABLE 1—Protective Potentials Steel Hulls Measured Against Four Reference Electrodes 


Reference Electrode | 


Copper 


Electrolyte Protective Potential, Volts 
Saturated 
Sea Water 
Saturated CuSOs —.858 
Sea Water +.254 


1 The protective potential becomes more electronegative as the KCl solution is diluted. 


2 The protective potential becomes more electronegative as the sea water is diluted. Example: The 
protective potential is about .06 volt more electronegative when the Ag-AgCl electrode is in equilibrium 
with brackish sea water—1 part sea water and 9 parts fresh water. , . 

3 The protective potential becomes less electronegative as the copper sulfate solution becomes contami- 


nated with sea water. 


4 The salinity of the water has very little effect on the protective potential and age will change it no more 
than 20 mv. It is capable of delivering small currents without polarization. 
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attack 
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Type of System 


Sacrificial galvanic anode 
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TABLE 2—Comparison Cathodic Protection Systems 


Advantages 


Self contained electrical source 


Disadvantages 


Generally, when available, an outside 


Needs little 


rection. 


supervision—protective 
current always flows in the right di- 


—— source of current is less expensive than 
current generated by anodes. 


Connection resistance greatly affects 


Simple to install. 


- anode output in sea water. 


sulation. 


Anode leads are cathodically protected 
| where exposed and do not require in- 


-| Usually not economical for fresh water 
sites where large current demand pre- 
vails. 


Greater weight and bulk than for im- 
pressed current system. 


Impressed current anode, 
sacrificial and non-sac- | 


Protective current can be adjusted 
manually or automatically. 


More difficult to install and operate. 


-- System vulnerable to electrical and 


Lighter weight, fewer anodes necessary. mechanical damage. 
| Current from an outside generated | Closely coupled anodes require dielectric 
source usually costs less than current | shields. 
| obtained from galvanic anodes. | 
| High initial cost. 
| An outside source of electrical power is 
needed. 
| Anodes and lead wires must be insulated 
from the hull. 
TABLE 3—Properties Galvanic Anodes 
| | Aluminum 
Zinc (Alcoa B605 or 
Property Magnesium (MIL-A-18001-D) | Equiv.) 
Composition ...... Al-5.0-7.0 | Pb-0.006 Max. Zn-5.0-6.0 
| Zn-2,.0-4.0 |  Fe-0.0014 Max. Fe-0.17 Max. 
| Mn-0.15 Min. | Cd-0.004 Max. | Cu-0.02 Max. 
Si-0.1 Max. | Cu-0.005 Max. | Si-0.10 Max. 
| Cu-0.1 Max. |  <Al0O.1 Min. | 
| Ni-0.003 Max. | | 
Nominal Solution Potential (Ag-AgCl | 1.5 1.05 7 at 1.0 
Driving Potential to a polarized | 
cathode —0.81 V. (Ag-AgCl)...... | 0.69 | 0.24 0.19 


Typical current capacity ampere- 


| §00 at 50 Percent 


hours per pound..... ; Efficiency 
Actual anode consumption at above 

efficiencies, pounds per ampere year ag: 
Density—pounds per cubic inch. 0.063 


725 at 53 Percent 
Efficiency 


355 at 95 Percent 
Efficiency 


son the records selected pit depths 
the plate thickness successive 
drydockings. 

The pit depth measurements must 
repeated precisely the same location 
(photographic records are helpful). Plas- 
ter casts the pits will record the pit 
contour and allow both visual examina- 
tion and physical measurement the pit. 


The progress general bottom corro- 
sage over sand bars, may established 
comparison non-destructive thick- 
ness measurements (audigage) over six 
month period. These measurements may 
made while the vessel water from 
prepared polished surface test stations 
located within the hull. 


Examination Products the Hull 

has been established that the active 
corrosion products pits have less 
than 6.0 (sometimes low 2.0). 


Corrosion control virtually complete 
when the products pits exceed 


9.0. Another indication control cor- 
rosion pits the presence calcare- 
ous salts precipitated the alkalinity 
produced the salts the cathodic 
process. 


Sources Protective Current 
Current for the protection 
may come from two (2) general sources: 
externally generated current and current 
produced galvanic action where the 
hull acts cathode electrolytic 
cell. 


The hull surface does not recognize 
the nature the source the protec- 
tive current. Thus, economic 
tical conditions will determine the best 
protective system use. Advantages and 
disadvantages the various systems are 
outlined Table 


Externally generated current can 
produced rectifiers, motor generators 
batteries. Motor generators are usually 
used where there only power avail- 
able. Dry plate type rectifiers motor 


generators are used ships with 
power. 

The types impressed current anodes 
presently used hulls include graphite 
platinum and platinum alloys 
ficial) and iron (sacrificial), and 
lead alloy. 

The types galvanic anodes presently 
use are aluminum, magnesium and 
zinc. Properties galvanic anodes 
given Table 


Use and Influence Coating Systems 
Cathodic Protection 

Protective coatings reduce the hull 
metal surface area exposed the 
ronment and decrease the protective cur. 
rent requirements. 

The ideal protective state 
tained coated hull assure cor- 
rosion control any exposed area 
the hull without applying 
current which will accelerate coating 
terioration. The applied current should 
regulated maintain the minimum 
protective potential —.81 volt 
ured against silver-silver chloride refer- 
ence electrode placed the coating 
face. The potential measured should not 
exceed —1.0 volt. Coatings, used com- 
bination with cathodic protection, should 
unaffected cathodically produced 
alkali, should retain adhesion and should 
have high electrical resistance. 

Proper shielding should used with 
all types anodes. 


Factors Which Influence Protective 
Current Requirements 

The protective current requirements 
vary from hull hull and from time 
time. Generally, factors which reduce 
corrosion will reduce the protective cur- 
rent requirements. The protective current 
requirements for mild steel hulls sea 
water range from ft. for well 
coated surfaces over 100 
for hull surfaces activated 
abrasion passage over sand bars. 


Factors Which Reduce Protective 
Current Requirements 

High resistance coatings the hull. 

Presence deposits: precipitated 
careous salts, fouling organisms and 
corrosion products. 

Reduced temperature. 

Absence velocity effect including 

vibration. 

propellers other cathodic metal 

coupled hull. 


no 


Factors Which Increase Protective 
Current Requirements 


Low resistance coatings. 
Absence deposits. 


Removal polarization products 
mechanical means. 


Increasing velocities vibration. 


Increased temperatures. 


Bronze propellers and other cathodic 
surfaces coupled hull. 
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New Developments 
Cathodic Protection Rectifiers* 


HARRY ASCHAN 


Introduction 


THE TECHNOLOGY design 
and manufacturing advance, all in- 
dustry must also advance order 
receive the full benefit these improve- 
ments. The cathodic protection rectifier 
industry has advanced along with tech- 
nology producing better rectifier for 
the dollar. most industries, the con- 
sumers are interested obtaining ca- 
thodic protection for the least overall 
cost. order accomplish this goal, 
the consumer must analyze his costs cor- 
rectly considering all costs including 
overhead, maintenance, inspection, and 
service life. many cases, the first cost 
installation which more expen- 
sive will cheaper the long run due 
lower operating expense. The most 
economical rectifier use one which 
results the least overall cost the 
system. Often few dollars 
tially will have many more dollars 
means few cents time over 
long period time. 

Such items number rectifiers, 
ground bed design, aged rectifier stack 
replacement, and rectifier quality level 
require economic studies determine 
the final The same true 
rectifier manufacture. The most econom- 
ical rectifier design the one which re- 
sults the best rectifier for the least 
money. Many the new developments 
protection rectifiers are 
aimed this most-for-the-money goal. 

One recent development 
ment toward standardization rectifiers. 
This standardization covers many phases 
such case sizes, voltage ratings, 
current ratings, input voltage rat- 
ings, and mass production type units. 
Referring Chart No. Figure 
vs. voltage, can seen that 
because volts the highest rating 
curve 1-28 volts shown for single 
plate. The 29-56 curve represents two 
plates series and 57-84 represents 
plates series. The operating effi- 

The number plates series 

The voltage which operated 

can seen the chart, the 
operating voltage lies between 1-28 volts, 
plate volt rectifier will 
the most efficient. the operating 
lies between 29-56, 
must used and volt rec- 
will required. volt rectifier 
will still require two plates series and 
efficiency will lie along the 29-56 volt 


ublication April 1959. paper 
resented the Fifteenth Annual Conference, 
National Association of Engineers, 


Chicago, Illinois, March 17-19, 


volts will operate the same efficiency 
volts. This same reasoning can ap- 
plied plates series 57-84 volts. 


Chart No. Figure expresses the 
same reasoning applied three-phase 
rectifiers. Three phase steps are 1-44, 
45-88, 89-132, etc. Three phase efficien- 
cies are usually considerably higher. 


Charts and within any the 
voltage ranges expressed above, i.e., 1-28, 
28-56, 57-84, for single phase, 1-44, 45- 
88, 89-132 for three phase, and the same 
current rating, there very little price 
difference, and may well con- 
sider buying the highest rating the 
range. demonstrated above, 
efficiency occurs when operating 
lower voltage than rated unless the oper- 
ating voltage volts below rated for 
single phase, volts below for three 
phase. 


both Charts and silicon curves 
are shown. Silicon cells not require 
series hookup increase the voltage 
rating, and therefore have one smooth 
curve efficiency vs. voltage. 
voltage rating increases, silicon increases 
its superiority efficiency compared 

Chart Figure shows that effi- 
ciency increases current drops ap- 
proximately percent rated current. 
Below approximately percent rated 
current, efficiency drops off rapidly. This 
shows that conservatively rating stacks 
current not only increases life due 
less overheating, but also increases effi- 
ciency. 

Purchasing rectifier slightly over 
the desired current rating costs very little 
and will increase efficiency and life. The 
greatest influence the cost recti- 
fier the number selenium plates 
the unit. Increasing the rating rec- 
tifier small amount will affect the price 
very little the number selenium 
plates remains unchanged. the stand- 
ard ratings for rectifiers are chosen 
obtain maximum utilization the 
selenium plates, purchasing 
rectifier and using somewhat below 
rating will involve little more manufac- 
turing material costs. This slight increase 
manufacturing material costs usu- 
ally more than offset the decrease 
manufacturing labor cost made possible 
using standard ratings. Standarization 
results better utilization materials 
and labor designing and manufactur- 
ing rectifiers. also makes servicing and 
maintenance less costly and easier for the 
consumer when less different ratings are 
operation. These gains are made with 
loss efficiency due greater rat- 
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Abstract 


review made recent developments 
cathodic protection The most 
significant these changes the develop- 
ment of high voltage selenium and silicon 
rectifying elements and the use of these 
elements in circuits which are new _ to 
cathodic protection. This results in rectifiers 
which are more efficient, less costly, 
lighter, smaller, and lower in maintenance 
cost. Other changes in rectifier materials 
and designs have made possible improved 
cases, meter switches, transformers, cir- 
cuit breakers, and other rectifier protec- 
tive devices. 

Variations rectifier types such small 
oil immersed units have resulted in_better 
distribution factors and less interference 
means distributed ground 
tems. Rectifiers with multiple outputs have 
been used in some applications with good 
results at a lower cost. 

Control of rectifier output has made 
many advances and will make many more 
in the near future. Present controls such 
link bars and tap switches 
supplemented constant current 
cial automatic current control rectifiers. 
Maintenance and inspection of the recti- 
fiers has been greatly reduced and will be 
reduced even more in the future. Two 
controls the future toward which much 
progress has been made are silicon power 
transistors and rectifiers which are con- 


ing than the minimum needed the 
job. 

Another trend today which closely 
allied with standard rated rectifiers the 
move many applications toward more 
smaller rectifiers instead one large 
one. Figure shows how less current 
the crosshatched area wasted cur- 
rent when greater number rectifiers 
are used. Another reason for these 
smaller units that congested areas, 
the interference problems are far fewer 
and much easier solve with many 
small rectifiers. Also, with the increase 
availability power, now many recti- 
fiers can used where few years ago 
power was available only one place 
the system. Special small rectifiers 
high quality can produced cheaply 
using mass production techniques and 
offering only limited number ratings. 

some applications, more than one 
rectifier may necessary accomplish 
the cathodic protection. Examples this 


235t 


anodes 
envi- 
> 


106 ASSOCIATION CORROSION ENGINEERS 


Chart 


RATING 


PERCENT CONVERSION EFFICIENCY 


ACTUAL OC OPERATING VOLTAGE 


PERCENT CONVERSION EFFICIENCY OF STACK 


application are oil heater-treaters, water 
tanks, and chemical process tanks. For 
such applications multiple output rec- 
tifier much cheaper than several sepa- 
rate rectifiers. Figure shows two such 
types rectifier circuits. The left circuit 
transformer with secondaries and 
stacks. This application used where 
large currents (about amps more) 
are required. more efficient than 
separate rectifiers because the single 
transformer but more expensive than 
the right circuit. The right circuit has 
the lowest initial cost. The highest volt- 
age output taken from the left output 
and adjusted taps with stand- 
ard rectifier. The other output taken 
from the right output and reduced 
below that the left output the 
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EFFICIENCY OPERATING VOLTAGE 


FOR FULL WAVE BRIDGE RECTIFIERS 


PERCENT OF RATED STACK CURRENT 


70) 


PERCENT CONVERSION EFFICIENCY 


PERCENT OF RATED CURRENT 


Figure 1—Operating efficiencies rectifiers. 


rheostat (R). Since the rheostat high 
power loss element, this circuit less 
efficient than circuit without 
stat. For other than fairly small currents, 
the rheostat becomes expensive and this 
circuit not practical. 

component which represents con- 
siderable part the cost rectifier 
the transformer. There are three gen- 
erally accepted classifications trans- 
formers which are: 


Class A—105 
Class B—130 
Class H—180 


The difference between these classes 
the operating temperature. Each class 
must built from materials within the 
class order operate with long life 


EFFICIENCY OPERATING VOLTAGE 
FOR FULL WAVE RECTIFIERS 


ACTUAL DC OPERATING VOLTAGE 


AIR AMBIENT TEMPERATURE °C 


parison the cost transformers. 
year ago, Class transformers cost some- 
what more than Class they were 
not widely used. Within the last 
enamel coated Class square and 
tangular magnet wire was developed and 
the price all enamel coated Class 
wire was reduced from percent over 
Class down the same price Class 
magnet wire. Table shows the 
nomic results these developments. 
Today Class transformers are the most 
economical build and also result 
smaller, lighter rectifier. 
order protect the meters 
rectifier from surges which will ruin the 
meter, most consumers must have 
meter switch some sort the 
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Vol May, 1960 
Large Dual Secondaries Rheostat Control 
Required Current Tevel 
Many Small Rectifiers 
Current 
These devices are source trouble Figure 3—Multiple output rectifiers. 
most cases. 
Figure shows standard meter 
circuit the left. Both switches Style 
are open when switch not thrown. The 
has built-in high resistance 
and contact resistance does not affect its 
reading. The ammeter, however, very 
sensitive any resistance the circuit. 
When the contact resistance the switch 
the meter reading varies. For this 
reason, meter switches are not desirable. 
One method which helps alleviate 
this problem throw the switch sev- 
eral times, taking reading each time Figure 4—Meter switches. 
The right circuit Figure will avoid 
this problem. this circuit, the volt- protection rectifiers ever suc- the current will the value 
meter switch open and the ammeter Inert gas type low voltage arres- the left axis the intersection 
switches are closed when the switches the best available now. the ground bed resistance increases 
not thrown. This results the voltmeter line then the current the value from 
not reading due open circuit Current Controlled Rectifiers left axis the intersection this 
the ammeter not reading reading only really important development ca- diagram, when the ground bed resistance 
avery slight amount due the switches protection rectifiers the design the output voltage varies consid- 
shorting the meter. When the switches and manufacture constant but the output current remains 
are thrown, both meters read. Note that rectifiers. Figure shows the practically unchanged. accomplish 
that time, there are switch contacts regulation curves for standard this effect, only the bottom two-thirds 
the ammeter circuit cause varia- age tapped rectifier and constant cur- the voltage range the rectifier can 
tions the reading. the actual cir- rectifier. the standard voltage used. Under short circuit conditions 
cuit, all the switches shown are one rectifier, the numbered the resistance line 
housing with single lever. This circuit represent the output the rectifier the current increases slightly but 
allows meter switch used voltage tap adjustment. The resist- does not harm the 
ruined meters without the nuisance ance any ground bed represented The higher voltage rectifying elements 
corroded meter switches varying the am- straight line from the origin. necessary allow for the unused upper 
meter the standard rectifier the left dia- one-third the voltage range and the 
Another development trend set adjustment No. and excellent short-circuit characteristics 
more accessible rectifier cases. Figure ground bed resistance represented this type rectifier make perfect ap- 
shows example one such case. line the current will the plication for silicon stacks. 
development results easier mainte- the left axis the intersection curves numbered through are not 
nance and servicing. Likewise, the ground bed resistance only adjustments available. The out- 
Rectifier filters have been used increases line then the current put current varied means many 
more the last year two. reduced the value from the left axis spaced curves. This possible be- 
practically communications the intersection Therefore, when cause very small rheostat with many 
and increase the conversion ground bed resistance varies, the out- used vary the control current 
the single phase rectifiers put voltage remains practically un- from the small control rectifier the 
about percent. Three phase rectifiers changed, but the output current varies saturable control reactor. 
were have such low ripple content that filters Figure shows the circuits used 
little reduce communications inter- the right diagram Figure the the curves Figure The stand- 
erence increase efficiency. constant current curves are shaped quite ard voltage tapped rectifier the left 
and The last year has brought great differently. the constant current rec- varied current moving the volt- 
the use lightning arrestors. tifier set adjustment No. and the age taps various positions the 
over They are great value any bed resistance represented The constant current recti- 
Class and especially sensitive silicon 
The high voltage lightning ar- 
for the input side the output TABLE 1—Transformer Costs 
wailable, but will have application 
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Figure 5—A new type rectifier case. 


Stendard Voltage Tapped Rectifier 


VOLTS 


Constant Current Rectifier 


VOLTS 


D.C. AMPS 


Figure regulation curves. 


fier the right varied current 
adjusting small rheostat which varies 
the control current from the small con- 
trol rectifier winding the satur- 
able control reactor (L). The output 
also passes through windings the sat- 
urable control reactor obtain the proper 
shape the curves Figure The 
reactor series impedance the cir- 
cuit and automatically varied the 
circuitry obtain the desired current 
output. Since there are moving parts 
contacts other than the small control 
rheostat, these rectifiers are easily ad- 


justed and extremely reliable. 


readily seen. 
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Thus far very few constant current 
controlled rectifiers have been 
though offered many suppliers. The 
reason for this seems that the price 
these rectifiers about percent 
greater than standard rectifier the 
same power. the consumer would ana- 
lyze the true cost inspection, adjust- 
ment, and maintenance, the savings pos- 
sible with this type rectifier would 


addition the two types recti- 
fiers just discussed, many others can 
designed that have special types 


desired output regulation curves. 


Standam Voltage Taps Cons 


Figure 7—Controlled rectifier circuits, 


Another development the special con. 
trolled rectifier line the recent market. 
ing silicon power triode. These 
triodes are very similar transistors and 
can handle fairly large amounts power 
with very little control power necessary 
obtain the desired output. They are 
present very expensive were silicon 
diodes when they were first marketed, 
The future use these triodes sure 
increasing greatly the next few 
years.. These triodes can used ad- 
vantage the development reference 
potential controlled rectifiers which 
present are economically beyond reach. 

Another important development which 
progress and which has been 
progress for several years the manv- 
facture high voltage rectifying ele- 
ments. Selenium and 
elements have been increasing maxi- 
mum available voltage ever since their 
development. Charts and Figure 
show how higher voltage elements in- 
crease efficiency. The dotted extensions 
the selenium curves can used 
higher voltage selenium plates are avail- 
able. Silicon diodes are presently made 
voltages which are high enough use 
cathodic protection rectifiers for most 
applications. 

Figure shows the voltage derating 
necessary for selenium plates. few 
years ago, the highest voltage selenium 
plate available was volts RMS which 
single phase full-wave bridge rectifier 
with only one plate series. About two 
years ago, volt RMS plates were mar- 
keted which raised the single phase 
wave bridge volts output. Re- 
cently some manufacturers selenium 
plates made available volt RMS plates 
which will raise the single phase 
wave bridge about volts output. 
The volt RMS selenium plates are 


TABLE 3—Comparison Three Phase Rectifiers 


TABLE 2—Comparison Single Phase Rectifiers 


F.W. F.W. 

Characteristic Center Tap Bridge 

Cost of Stack Replacement........... 50% 100% 
Communications Interference 


ADVANTAGES F.W. CENTER TAP CIRCUIT 


Lower initial cost (up to 15 percent savings). 
Higher new efficiency (up to 10 percent). 

Higher aged efficiency (up to 10 percent). 

Only one-half stack replacement cost. 

Smaller cases in selenium and oil-immersed types. 
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F.W. 
Characteristic Wye Bridge Bridge 
| | 
re 88% | 83% | 69% 
Aged Efficiency............. 80% 70% 
Cost Stack Replacement...... 56% 100% 100% 
Communications Interference 


ADVANTAGES WYE CIRCUIT 


Lower initial cost (up to 15 percent savings). 
Higher new efficiency (up to 15 percent). 

Higher aged efficiency (up to 15 percent). 

About one-half stack replacement cost. 

Smaller cases in selenium and oil-immersed types 


One-thired communications interference of 1 F.W 


Simplified circuits for easier servicing. 


. Bridge. 
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MAXIMUM D.C. RECTIFIER OUTPUT VOLTS 
3 3s 


DERATING: 
Line Véltage Fluctuations 


1.10 

1.158 

Regulation = 1.017 

Petal = 1.158 x 1.017 = 1.179 


20 30 40 50 60 70 
SELENI'M PLATE INVERSE R.M.S. VOLTAGE RATING 


rectifier output volts selenium plate inverse 

ing. Formulas are as follows: 1 phase FW Br Vac — 1.179 (1.15 Vde 3 

phase FW Br Vac — 1.179 (0.745 Vde 5); 1 phase Cen Tap Vac = 1.179 (2.3 
Vde 5); 3 phase Wye Vac = 1.179 (1.49 Vde 4.33). 


rather new and field experience 
not complete. They also require consid- 
forward current derating this 
voltage avoid overheating the plate. 

The reasons for the difference the 
RMS selenium plate voltage rating and 
the output voltage obtainable from 
this plate are many. National Electrical 
Manufacturer’s Association, Semiconduc- 
tor Rectifier Section has set standards for 
cathodic protection rectifier units fol- 
lows: 

(1) Rectifiers shall operate 
cent below nominal input voltage with 
aged selenium plates and deliver full 
rated voltage. 


(2) Rectifiers shall operate per- 


over nominal input voltage with- 100 
out harmful effects the selenium plates. 

Also, the selenium plates are rated with 
RMS voltage ratings and rectifiers are 
with average values voltage rat- 


increase selenium plate RMS 


ratings. The voltage regulation 
selenium plate RMS voltage 
over rectifier average voltage 
All these factors and the result- 


Efficiency 
So 


formulas and plots are shown Fig- 
These voltage derating factors are 
and reducing this derating will Actuel D.C. 


early selenium stack failure due 
overvoltage. 


FULL WAVE CENTER TAP 


OUTPUT 


MAXIMUM D.C. RECTI 


TERATING: 

Line Veltage Fluctuations 
1.10 
—— = 
0.95 
Regulation = 1.017 

surge Protection = 3 
fetal = 1.158 


300 400 500 
SILICON CELL INVERSE PEAK VOLTAGE RATING 


9—Maximum rectifier output volts silicon cell inverse peak 

voltage rating. Formulas are as follows: 1 phase FW Br Vac — 3.53 (1.15 Vde 

3); 3 phase FW Br Vac — 3.53 (0.745 Vde 3); 1 phase CT Vac — 3.53 (2.3 
Vde 3); 3 phase Wye Vac ==.3.53 (1.49 Vdc 2.6). 


Voltage Actual D.C. Voltege 
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Figure 10—Single phase rectifiers. 
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Selenium plates are also available 
high current density types from many 
manufacturers. These plates offer some- 
what less expensive rectifying element. 
Two distinct drawbacks are present. 
present, these plates are available only 
volts RMS ratings. These plates 
are development and 
tests indicate considerable variation 
the performance. 

Silicon diodes for cathodic protection 
require the voltage deratings required 
selenium plus two more. Since sili- 
con diodes are rated peak volts in- 
stead RMS volts are the selenium 
plates, additional factor the square 
root two necessary. Also, silicon 
very sensitive surges that are quite 
common cathodic protection applica- 
tions. Silicon diode manufacturers and 
field experience show that additional 
factor necessary silicon voltage 
derating compared with selenium. All 
these factors and the resulting formulas 
and plots are shown Figure Silicon 
diodes can purchased with 600 volts 
peak ratings and the future diodes avail- 
able will have even higher voltage rat- 
ings. 

Silicon rectifiers have several advan- 
tages: 

They are more efficient than sele- 
nium when more than one plate series 
necessary. 


aging loss efficiency present. 
Initial cost lower high voltage, 
high current, high ambient temperature 


(see Chart Figure 1), oil-im- 
mersed rectifiers. 


Maintenance easier due simple 
stack configurations. 


Silicon rectifiers are smaller and 
lighter. 


The disadvantage silicon rectifiers 
that they are sensitive overloads and 
surges. Lightning arrestors should always 
used both the input and output. 
High speed fuses should used pro- 
tect the rectifier from accidental short 
circuits. Proper voltage and current de- 
ratings should used help absorb 
surges. the protection problem for 
silicon improved and 
duction realized, the future use sili- 
con will increase. 

The development high voltage sele- 
nium plates and silicon diodes has made 
possible another development the ca- 
thodic protection rectifier industry. Single 
phase half-wave and three phase wye 
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Actual D.C. Operating Voltuge 


Efficiency 


Figure 11—Three phase rectifiers. 


rectifier circuits have long been known 
rectifier builders. These circuits are 
very practical when using high voltage 
elements such Vacuum tubes. 
Referring Figure seen that 
when only volt RMS selenium plates 
were available, single phase center tap 
rectifiers were capable only volts 
output and three phase wye rectifiers 
were capable only volts out- 
put. These voltages were too low for ca- 
thodic protection rectifier applications. 
Greater voltage ratings can ob- 
tained using more than one plate 
series, but this not practical applica- 
tion since will gain nothing over bridge 
type circuits. Now that volts RMS 
selenium plates are available, the 
output voltages available from these new 
circuits are and volts output. 
Using volts RMS selenium plates will 
give and volts output. These 
voltages are very much the range 
practical application for 
tection rectifiers. higher voltage sele- 
nium plates are available the future, 
these circuits will even more the 
usable voltage range. Silicon cells have 


discussion this article not published above 
will appear the December, 1960 issue. 


Bridge 


Actual D.C. Operating Voltage 


far greater inverse voltage ratings than 
selenium, and can used 
ture cathodic protection rectifiers al- 
most any voltage rating desired. 

Figures and with Tables and3 
show the circuits, efficiency curves, and 
advantages single phase center tap and 
three phase wye rectifiers. Note that 
each case, the new circuits contain only 
half the number rectifying elements 
their comparable bridge circuit. This 
results less power loss due less ele- 
ments create heat. Aging effects and 
stack replacement costs are reduced 
about one-half. With less material the 
rectifiers, the initial cost usually 
these advantages are gained the 
put voltage seen the figures. These 
circuits not increase the current 
any rectifying element that quality 
and long life are not reduced. 

conclusion, these developments 
cathodic protection rectifiers are now and 
will continue beneficial the 
thodic protection industry. Many more 
developments are now the making for 
the future. 
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Introduction 
PRESSURIZED water nuclear 


power plant the steam generator 
the link between the primary 
and secondary systems. The tubing the 
exposed both the primary and second- 
ary water. For this reason material selec- 
tion must made with concern for suit- 
ability both environments. 

the primary side the tube material 
must resistant general corrosion 
high purity water. Also must not in- 
troduce corrosion product into the 
primary system that will produce bio- 
logical hazard upon activation the 
nuclear core. 

the secondary side the tube mate- 
rial must resist both general and localized 
forms corrosion boiler water type 
environment. 

This paper concerned with the eval- 
uation various materials the sec- 
ondary side boiler models built and 
operated simulation full scale 
pressurized water nuclear power 
plant. 

The screening materials deter- 

mine their basic resistance chloride 
cracking was carried out 
separate but associated program 
means tilting autoclave tests using 
U-bend type specimens. that program 
was determined that carbon steel (with 
without chromium additions), Croloy 
16-1, Inconel, Monel, and commercial 
nickel were not subject chloride stress- 
corrosion least compared Type 
347 stainless steel. These materials were 
selected for boiler model tests reported 
The need for boiler model tests sim- 
ilar the need for pilot plant operation 
any new development before full scale 
operation attempted. Autoclave and 
corrosion tests are very suitable for 
screening materials and determining 
quantitative corrosion data, but there are 
that not lend themselves well simu- 
lation autoclaves. 

Foremost among conditions that can 
best evaluated small heat ex- 
changer that heat throughput. The 
boiler models used this program were 
designed provide corrosion informa- 
various tube alloys used for heat 
transfer surfaces the presence steam 
blanketing, alternate wetting and drying, 
crevice, and stressed crevice conditions. 


Submitted for publication July 20, 1959. paper 
resented at the Fifteenth Annual Conference, 
ational Association of Corrosion Engineers, 

Chicago, Illinois, March 16-20, 1959. 


Boiler Model Tests Materials 


For Steam Generators 
Pressurized Water Reactor Plants* 


From these tests, information has been 
gained the stress-corrosion, general 
corrosion, crevice corrosion, and pitting 
corrosion characteristics the test alloys 
under relatively severe conditions. 


Test Apparatus 

The test specimens were heat ex- 
changer models approximately inches 
high and six inches. diameter. Each 
unit consisted primary head, hori- 
zontal tube sheet containing six active 
U-bend tubes with tube support plates, 
Table there were three units each 
Inconel, Monel, nickel, Croloy one 
Croloy 16-1; and two Type 347 
austenitic stainless steel. One the Type 
347 units had SA-105 carbon steel tube 
sheet. The materials construction were 
commercial quality with shop-type 
fabrication procedures being used where- 
ever possible. 

Each the inch 0.050 inch 
wall tubes were bent and, with the ex- 
ception the Type 347, were installed 
without heat treatment. The Type 347 
tubes were resistance annealed 1850 
for seconds, followed water quench- 
ing. All tubes were given dye pene- 
trant test for any indications cracks, 
scratches and pits. Tubes showing defects 
were rejected unsuitable for tube spec- 
imens. 

The order construction was roll 
the tubes into the tube sheet, make the 
seal weld between the tube 
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Figure 1—Components heat exchanger model. 
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Abstract 


An evaluation was made of various ma- 
terials on the secondary side of boiler 
models built and operated in simulation of 
a full scale unit in a_ pressurized water 
nuclear power plant. Materials tested in- 
cluded stainless steel, carbon steel, Croloy 
2%, Croloy 16-1, nickel, Inconel, and 
Monel. Considerable attention was given to 
problems involving stress corrosion crack- 
ing, particularly Type 347 stainless steel 
tubing. Other topics discussed include con- 
trol of dissolved oxygen concentration, pit- 
ting corrosion, and location of tubing areas 
most susceptible to corrosion. 7.6.4 


sheet, weld the secondary shell the 
tube sheet, leak check the seal welds 
and finally weld the primary shell the 
tube sheet complete the unit. Tube 
support plates were added create 
plate tube crevice such found 
full scale unit. Figure shows the 
assembly. 

retractable expander was used 
expand the tubes 0.020 inch beyond con- 
tact with the tube sheet, measured 
the increase the the tube. The 
diameter the hole through the tube 
sheet increased about 
After final assembly the heat ex- 
changers, the secondary shells were pres- 
surized with helium gas and the welds 
were checked for leaks with mass spec- 
trometer. The Croloy units and 
the Croloy 16-1 unit were 
lieved inert gas atmosphere 
1350 and 1150 respectively; heat 
treatment was given the remaining 
units. The heat exchangers were then 
installed the test loop. 

the test loop. The primary circuit was 
essentially rectangular loop made with 
stainless steel piping. Water was circu- 
lated around the system with canned 
rotor pump. The instrumentation was 
such that the pressure and temperatures 
the system were automatically con- 
trolled. The flow primary water 
through the heat exchangers 
trolled with valves the inlet and out- 
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Figure 2—Schematic diagram of test loop. 
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let sides, and measured means 
calibrated orifice plate located the 
inlet line. 


The secondary system, with the ex- 
ception the heat exchangers, was made 
with carbon steel piping. The steam- 
water mixture flowed riser nat- 
ural circulation steam drum located 
the top the loop about feet 
above the heat exchanger. The flow con- 
tinued through finned tube located 
the downcomer and returned the heat 
exchanger. The secondary pressure was 
controlled the air blown past the fin 
tubes. Thermocouples were located 
many points around both the primary 
and secondary systems. 


Howells 


White 
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versity, receiving a BS (Chemistry) in 1949. 
He was an analytical chemist at the Johns- 
Manville Research and Development Center, 
Manville, New Jersey, 1949-1951. He did 
graduate work in X-ray diffraction at Rutgers 
University, New Brunswick, New Jersey. Mr. 
Howells started at The Babcock & Wilcox 
Company Research and Development Center, 
Alliance, Ohio, in 1951 as an X-ray diffrac- 
tion and spectrographic analyst. Presently, 
he is Test Engineer for water and liquid 
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Sampling stations were provided 
that water samples could taken from 
almost any part the test loop. This 
included the primary system, 
ondary riser and downcomer, the heat 
exchanger, and the steam drum. 


Procedure 
Before any water was allowed circu- 
late through the heat exchangers, the 
primary system was allowed reach 
the following conditions: 


Pressure 2000 psig 


600 


There was chemical treatment given 
the primary water except run 
through deionizer and 
fore pumping into the system. 

The nominal secondary water condi- 
tions during steady state operation were 
follows: 


Temperature 


10.9 0.3 (adjusted 
with NaOH) 


500 ppm (added 


Dissolved ppm 
(by aeration) 
Temperature 480-490 


600 psig 


Reagent grade chemicals were used 
all times maintain the water chem. 
istry. The synthetic sea water was pre- 
pared according ASTM specification 
D1142-52. 

The primary water circulating through 
the U-bend tubes transferred 
the secondary system with flux 
40,000-60,000 Btu/hr-sq. ft. tubing 
based the tube ID. After 48, 192 and 
336 hours operation, the heat 
changers were laid dry for period 
eight hours. The 
was purged with water-saturated air 


Pressure 


during the lay-up. After 96, 240 and 424 


hours operation, 60-90 percent the 
U-bend tube heat transfer area was ex- 
posed the vapor phase for one hour 
period; and after 144, 288 and 472 
hours operation, the heat exchangers 
were laid wet for period eight 
hours. During this latter operation, the 
secondary system was completely filled 
with treated boiler water. Air was in- 
jected near the bottom the exchanger 
and allowed bubble through the 
system escape out the top vent. 

the end the test period, slightly 
over 500 hours, the secondary system 
was quickly emptied venting steam 
through the top vent. The boiler water 
chemicals deposited the heat transfer 
surfaces result permitting the 
primary water circulate during the 
boil dry. The primary water flow was 
then stopped and the test loop was 
allowed cool room temperature. 

The heat exchangers were cut from 
the loop and given helium leak test. 
Only one boiler out the 
showed indications extremely small 
leak which was never definitely located. 
They were then given very complete 
metallurgical examination. 

During the testing each unit, num- 
erous water samples were analyzed for 
pH, PO,= and dissolved oxygen. 
Adjustments the defined 
concentrations were made with concen- 
trated chemical solutions, or, the case 
high values, blowdowns. The dis- 
solved oxygen was controlled aerating 
boiler water withdrawn from the 
ary system and pumping back into the 


Metallurgical Examination 
Tested Units 
The first step the evaluation ‘of 
tested heat exchanger models was visual 
inspection all the secondary surfaces 
after removal the primary and 
The U-tubes were cut off 
level about one inch above the tube 
sheet secondary surface and the indi- 
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BOILER MODEL TESTS MATERIALS FOR STEAM GENERATORS REACTOR PLANTS 


Tube Sheet 
Crevice 
Tube 
Figure 3—Representative stress-corrosion crack Type 347 tube within stainless steel tube 
sheet. Electrolytic 70 percent nitric acid, approximately 400X. 
TABLE 1—Construction Material 
Tube Sheet Shell and 
Model No. Tube Material Material Head Material 
(See race Type 347 Stainless Steel Type 347 SS Type 347 SS 
Uf ee Type 347 SS SA-105 Carbon Steel Type 347 SS 
Croloy 24% Croloy 24% Croloy 24% 
|) Se Croloy 16-1 Croloy 16-1 Croloy 16-1 
Inconel Inconel Inconel 
15 Nickel Nickel | Nickel 


vidual tube tube sheet junctions were 
cut out the tube sheet. After cutting 
the seal welds the junctions, two 
longitudinal cuts were made through the 
tube sheet material opposite sides 
the junction, providing two tube sheet 
sections which could separated from 
the tube without marring the crevice sur- 
faces. 


After completion this disassembly, 
all parts the boilers were examined 
diameters magnification before de- 
determine the amount and 
character deposits and corrosion prod- 
ucts various locations, with particular 
attention being paid the crevices 
the tube tube sheet junctions. All com- 
ponents were then descaled, and the 
were inspected the “Zyglo 
Pentrex” fluorescent penetrant technique 
cracks, All sections the boilers were 
examined diameters magnification 
after descaling. Observations surface 
conditions, corrosion, cracking, etc. were 
recorded. Metallographic sections through 
pertinent locations were prepared and 
examined determine the type and ex- 
tent general and pitting corrosion and 
cracking. 


Results 
General 


After completion testing, the sec- 
ondary surfaces all boilers were cov- 
with adherent powdery deposits 
0.025 inch thick. Markings were 
usually evident the deposits the 
U-tubes the low water level operation 
general, there were powdery 
deposits the crevice surfaces the 
tube tube sheet junctions similar 
those the exposed tubing. These de- 
Posits were only the area immediately 


below the secondary face the tube 
sheet. Evidence oxidation these sur- 
faces extended further into the crevices 
all cases. 

Corrosion the crevice surfaces was 
generally limited those regions which 
had been covered deposits. Corrosion 
open secondary surfaces the U-tubes 
was randomly distributed with only the 
support plate contact region showing 
consistently more advanced attack. The 
maximum depth attack given 
tube was not necessarily support 
plate crevice area, but these zones 
least displayed greater propensity 
pitting. Stress-corrosion cracking was 
observed only the two units containing 
austenitic stainless steel tubing. 


Stainless Steel 

All Stainless Steel Boiler Model. 
series very small stress-corrosion 
cracks occurred the crevice surfaces 
all twelve tube tube sheet junctions 
and three the twelve tube support 
plate crevices (see Figure 3). All crack- 
ing the tubes was predominantly cir- 
cumferential while that the tube sheet 
was exclusively longitudinal. The crack- 
ing the crevice surfaces the tube 
tube sheet junctions was limited 
the area within inch the secondary 
face the tube sheet. All cracking was 
predominantly transgranular, penetrating 
maximum mils into the tube sheet 
and mils into the tubes. 

Metal loss due general corrosion 
was negligible all open secondary sur- 
faces well crevice surfaces tube 
tube sheet junctions, these areas dis- 
playing, worst, only light general 
face. However, five the twelve tube 
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surface areas under support plates were 
affected slight surface roughening. 


Duplex Boiler (Carbon Steel Tube 
Sheet). Stress-corrosion cracking oc- 
curred the tubes only two tube 
tube sheet junctions this model and, 
both cases, the cracks were extremely 
small, oriented circumferentially and 
cated within inch the seal weld 
(see Figure 4). These cracks were trans- 
granular and penetrated into the tube 
wall maximum mils. The only 
areas where significant corrosion oc- 
curred the stainless steel tubes were 
four the twelve crevice regions under 
tube support plates where there was light 
surface roughening. all 
tions, the tube surfaces were only lightly 
dulled. The carbon steel tube sheet suf- 
fered severe pitting both the second- 
ary surface and the crevice surfaces 
the tube tube sheet junctions. 


Croloy 

water were affected both general 
roughening and severe pitting, 
mils deep (see Figure 5). The pitting 
was randomly distributed over the sec- 
ondary surfaces but was higher den- 
sity the crevice areas. Significant cor- 
rosion the crevice surfaces the tube 
tube sheet junctions was limited the 
region within inch the tube sheet 
secondary surface. All corrosion ad- 
vanced gross manner, showing gen- 
eral progression without respect the 
microstructure the material. 


Croloy 16-1 

General and pitting corrosion Cro- 
loy 16-1 was similar that Croloy 
but was not severe. All surfaces 
exposed secondary water experienced 
general roughening and scattered small 
pits mils depth (see Figure 6). 
The crevice surfaces the tube tube 
sheet junctions displayed similar attack 
the area within inch the tube 
sheet secondary surface. Several the 
tube surface areas beneath support plates 
displayed more severe atack than that 
open tube surfaces. 


Nickel 

All open secondary surfaces the 
nickel U-tubes were excellent condi- 
tion, displaying only very light general 
dulling. However, the surfaces all 
U-tubes the areas under support plates 
were pitted (up mils deep) and 
roughened (see Figure 7). Also, the crev- 
ice surfaces the tube tube sheet 
junctions were similarly corroded 
maximum depth mils the area 
within inch the tube 
ondary surface. 


Inconel 

All secondary surfaces the U-tubes 
were excellent condition, the only evi- 
dence corrosion being very light 
general dulling the originally bright 
surface. Most the tube surface regions 
under support plates experienced some 
incipient pitting roughening. The crev- 
ice surfaces the tube tube sheet 
junctions displayed mild general attack 
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Figure 4—Stress-corrosion cracking in Type 347 Stainless steel tubing within 
crevice formed with carbon steel tube sheet. Electrolytic 70 percent nitric acid, 


approximately 160X. 


Figure and general roughenina Crolov 16-1 U-tute surface bend 


area. Approximately 3X. 


and scattered small pits (up mils 
deep) the area within inch the 
tube sheet secondary surface. Below this 
region the crevice surfaces were unat- 
tacked. shown Figure the corro- 
sion Inconel crevice surfaces occurred 
localized surface roughening rather 
than clearly defined pitting. Metal- 
lographic examination revealed 
tack progress generally without respect 
the microstructure the material. 


Monel 

There was significant corrosion 
the Monel surfaces. All surfaces exposed 
secondary water were slightly dulled 
light general attack but in- 
stance was this corrosion severe enough 
termed pitting. The tube surface 
areas which formed crevices with either 
the tube support plates the tube sheet 
displayed evidence preferential 
attack. 

Discussion 

The test conditions and chemical treat- 
ment the secondary water which 
the heat exchangers were subjected are 
considered relatively severe. The 
overall test conditions for this work were 
established from the basic thinking that 
steam generator nuclear power 
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plant will subjected such conditions 
least one more times during its 
life. this assumption correct, be- 
comes obvious that materials construc- 
tion must those least susceptible 
any type corrosion, and especially 

During the fabrication the heat ex- 
changer models, every attempt was made 
simulate actual fabrication procedures. 
Because these were test models, some de- 
viations had made. For instance, 
most cases attempt was made 
relieve stresses resulting from the fabri- 
cating procedure. The expansion the 
tubes the tube sheet and weld shrink- 
age caused residual stresses 
known magnitude which 
susceptibility some alloys stress- 
corrosion cracking chloride bearing 
environment. under such extreme con- 
ditions material found resistant 
stress-corrosion cracking, may con- 
sidered suitable from 
sion standpoint for pressurized water 
reactor 


The control the secondary water 
chemistry generally was good. some 
occasions the Cl- and PO, concentra- 
tions were out the limits already de- 
fined. two occasions, the Cl- concen- 
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Figure 5—Typical extent of corrosion of Croloy 214 U-tubes, 


Figure 7—Pitting of nickel tube surface in area beneath tube support plate. 
Approximately 3X. 


tration reached 1000 ppm different 
heat exchangers, and there were few 
times that the PO, concentration was 
lower than that specified. every in- 
stance, however, immediate steps were 
taken make adjustments. time 
was the out-of-specification condition 
permitted extend beyond four 

Considerable difficulty was 
enced controlling the dissolved oxygen 
concentration; there were 
when the concentration reached ppm. 
The high values were usually associated 
with the start-up the heat exchanger 
models from the wet and dry lay-up 
erations. About percent the anal- 
yses were between and 0.5 ppm and 
nearly all the remainder between 0.50 
and 2.0 ppm. There were few times, 
however, when there was oxygen de- 
tected. 

The effects test results the ex- 
cursions the chemical concentrations 
from the test specifications are difficult 
evaluate. One objective this work 
was provide specific conditions 
that are considered severe enough 
cause stress-corrosion cracking 
objective was met, and that deviations 
the secondary water chemistry did not 
compromise the validity 

The boiler models used this 
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were designed with statistical con- 
mind. The test data, how- 
wer, indicate that this type analysis 
yas not necessary since 
corrosion cracking has been shown 
the control material (Type 347) 
displayed 100 cracking the 
tube sheet crevices while the test alloys 
displayed percent cracking. 

The test was designed crack Type 
347 stamless steel for control purposes 
and can seen from the results, 
was quite successful. Note that one 
the Type 347 tubed units had carbon 
tube sheet while the other was all 
steel. This was done deter- 
mine carbon steel would galvanically 
rotect the stainless steel tubing crev- 
ices. The results these tests indicate 
that there protection this 
combination, but that this protection 
incomplete. 

Cracks the stainless steel tubing 
near the welds within the carbon steel 
tube sheet crevice were identified 
cracking (Figure 4). 
this test, was concluded 
that the galvanic protection carbon 
steel for stainless steel not effective 
enough depended upon full 
scale steam generators. All the other 
boilers were made one material 
throughout order avoid galvanic 
since was desired test these 
materials for their basic resistance 
chloride stress-corrosion cracking and 
not have the results disguised any way. 
The extensive cracking the all 
stainless steel unit demonstrated that the 
crevices heat exchanger, particu- 
larly the stress crevices, are the most 
susceptible areas stress-corrosion crack- 
All the cracking the tube sheet 
crevice was highly stressed area lo- 
cated about inch from the secondary 
tube sheet This area also represents 
the extent water penetration into the 
all stainless crevice. the other hand, 
examination the tube surfaces from 
within the carbon steel tube 
dicated that water penetration extended 
all the way the seal welds 
primary face. The few cracks that were 

detected the duplex unit were also 
end the water penetration zone 
and coincidentally the high stress area 
adjacent the seal weld. both the 
tube sheet and tube support plate crev- 
kes observations indicated that concen- 
boiler salts (chlorides) was 
place. Thus, complex relation- 
between solids concentration, high 
and cracking indicated the 
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Figure 8—Typical corrosion of Inconel tube sheet crevice surface. Approximately 7X. 
Secondary surface is shown at top. 


crevice zones these model heat ex- 
changers. 

Metallographic examination revealed 
that the cracks ranged from mils 
depth the Type 347 tubing. 
not known what percentage the crack- 
ing depth was caused occurred 
during each the various operational 
cycles. However, considered signifi- 
cant that cracking was initiated 
the test alloys, Inconel, Monel, nickel, 
Croloy 16-1 and Croloy the same 
500 hours cyclic operation. These re- 
sults indicated that the test alloys would 
suitable for steam generators from 
chloride stress-corrosion standpoint. 

Since cracking was not detected 
any the alloys except Type 347, gen- 
eral corrosion and pitting corrosion be- 
came the main criteria for comparing the 
alloys. The high-nickel alloys Monel, In- 
conel, and nickel were the most corrosion 
resistant, some cases displaying some 
surface dulling and very small pits 
the crevice openings. Croloy 16-1 ranked 
next since pitting mils deep was 
observed the bent portions the 
tubes. possible that the plastic de- 
formation the bend area renders the 
material more susceptible pitting 
spite the 1150 stress relief. gen- 
eral corrosion attack seen the Croloy 
16-1 confirmed the original impression 


discussion this article not published above 


will appear the December, 1960 issue. 


that not corrosion resistant 
austenitic stainless steel the high 
nickel alloys. However still 
considered very promising steam gen- 
erator tubing material. The low chro- 
mium steels such the Croloy are 
considered too sensitive pitting for 
steam generator tubing. 
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Hydrogen Diffusion Corrosion Problems 
Fluid Catalytic Cracker And Gas Plant* 


Introduction 


IDEWATER Oil Company recently 

completed 6-week shutdown its 
fluid catalytic cracker and gas plant fol- 
lowing 19,000 hour run. Some interest- 
ing problems were encountered during 
this shutdown. During run this dura- 
tion there was noticeable build-up 
corrosion scales. With long 
also was less possibility change 
process and change process equip- 
ment during several periods hydrogen 
attacks gas plant equipment. Without 
these changes, investigation the hydro- 
gen blistering problem and the cause 


recent attack was more easily accom- 
plished. 


Fluid Catalytic Cracking Unit Corrosion 


Reactor Corrosion 
The reactor was made from carbon- 


moly steel (A204 Gr. killed) with 
10-14 chrome liner (A176 
Gr. 2). The reactor shell varied steel 
thickness from inch the top head 
inch the bottom head. The 
liner proved source trouble 
when repairs alterations were neces- 
sary. The need for removing the liner 
about inch from where nozzle was 
installed, welding the nozzle and 
then lacing over the area with 25-20 weld 
rod doubled the length and cost what 
ordinarily would small job. This in- 
variably provoked the question: this 
alloy needed? Based corrosion-ero- 
sion carbon-steel parts the reactor 
noted below, was felt that this liner 
was necessary protect the vessel shell. 

Figure shows erosion the diffusion 
grids the bottom the reactor. Coke 
formed the openings the corner 
the web and grew over some holes. 
holes closed more flow oil vapor 
and catalyst was forced through the re- 
maining openings thus accelerating the 
erosion. Scale noticeable the webs— 
particularly edges where had flaked 
off. This scale was some cases much 
eighth inch thick. 

qualitative analysis the scale dur- 
ing the last shutdown proved 
primarily iron sulfide. These grids, 
pictured, had been cleaned off. Normally 
the scale was overlooked due coke 
and the predominant feature erosion. 
However, the loss these grids was not 
due solely erosion but was more prop- 
erly case corrosion-erosion. 

The top outlet the reactor revealed 
the same corrosion-erosion. Figure 


*% Submitted for publication December 30, 1958. 
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Region, National Association 
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EHMKE* 


Abstract 


account given corrosion problems 
in a fluid catalytic cracker and gas plant 
following 19,000 hour run. Specific places 
where corrosion damage occurred and was 
examined include: (1) the carbon-moly 
reactor, (2) the regenerator, (3) 
catalyst lines, (4) the gas plant. 

It was found that corrosion became a 
problem when coupled with erosion cy- 
clones or diffuser grids. Alloying act 
not be justified except on stressed parts. 

Hydrogen blistering was discussed in 
detail. It was found that its occurrence 
in the gas plant was a function of pH 
downstream of the water wash tower. As 
the increased the absorber deethan- 
izer, so did the hydrogen penetration rate. 
Control measure finally adopted to miti- 
gate hydrogen blistering included record- 
ing of hydrogen probe pressures, pH of 
draw waters, analysis and 
iron content of draw waters. Ferrocyanide 
spot tests were also made inhibitors 
were tried. 


shows the inside carbon-steel cy- 
clone. Parts the eroded surface visible 
were base metal with the scale being 
about inch thick. The scale had the 
same grooved appearance the metal 
itself and was usually most noticeable 
edges where spalled off. Coking was 
prevalent that the scale was often hid- 
den the coke. analysis some 
chips scale showed percent iron, 
percent sulfur. 

both these cases erosion was 
more severe than the corrosion. 

Reduction the erosion lengthens the 
life the equipment more satisfactorily 
than does using alloys combat the 
mild corrosion. the case the reac- 
tor grids, the long length run between 
shutdowns contributed the loss 
these grids. Since coke growth continues 
during the run once seeded, one 
year run would not have allowed 
many holes plugged. shutdown 
would allow time clean the grids and 
start with maximum open area the sec- 
ond year. This would reduce the erosion. 

Lining the cyclones with hex-steel and 
wear cement extend their life. This can 
continued long repairs can 
made the remaining metal. The cor- 
rosion reduces itself long the scale 
left the surface. 

Replacement these second stage cy- 
clones (Figure required longer hanger 
rods. The existing 11-13 chrome rods 
had years service could either 
replaced lengthened. Since the cy- 
clones were rush order during this 
shutdown, any delay installing them 
would extend the shutdown beyond the 
planned time. This necessitated evaluat- 
ing extension the existing rods rather 
than having new ones fabricated. Several 
stated finding appreci- 
able change high temperature strength 
ductility the medium chrome steels 
after prolonged exposure elevated 
temperature under load. 
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Assuming that these hanger rods were 


still sound material, lengthening 
started. this point weldability was 
given particular attention, but 
was accomplished without incident. The 
hanger rods were then reinstalled 
provided that the first rod finished could 
proof tested. 


The sample used was cy. 


clone hanger rod, with section welded 
in. The following procedure was fol- 
lowed: 


Brinell hardness tests were made 


the sample before stress 
lieving and after the elevated 
ture load test. 


The hanger rod was stress relieved 


1300-1450 for hours. 


The sample was placed the 


ing machine that was gripped 
points approximately inches from the 


Figure 1—Corrosion-erosion reactor diffusion 
viewed from underside. 


Figure second stage 


yyclone. 
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Figure 3—Burning of cyclone wall and corrosion 


of hanger rod. 


TABLE 1—Hanger Rod Test Results 


Location 

Weld | 

1" to 2” from weld 

1” to 2” from weld 

Weld 

1" to 2” from weld 


Brinell Hardness Number 


Af ter Load 
Test 


After Stress 
Relief 


As 
Received 
198 
187 
192 
187 
192 
197 


196 
207 
196 
196 
231 
196 


228 
302 
228 
228 
278 
228 


*Nearest the shackle end of the rod. 


NOTE: No permanent elongation took place. With the exception of one crater crack, which probably was 
present before testing, no other cracks were discovered. 


outer sides the welds (ends the 
added section). The portion the rod 
between the grips was heated, 
formly possible, with butane heating 
torch until 1000 Tempilstik melted 
when applied the surface. minimum 


temperature 1000 was held while 


7000 pound load was maintained 
the sample for approximately minutes. 
The welds were checked for surface 
cracking using the Dy-Check method. 
Table gives the results. The load 
was arbitrarily set higher than service 
conditions but less than the yield stress. 
The hanger rod passed the test under 
service conditions and all rods 
are now back service. 


Regenerator Corrosion 


Corrosion regenerator usually 
the form oxidation 
localized burning from after- 
Figure shows side one 
burning. Although the iron oxide 
wale thickness great, metal loss usu- 
illy slight. Therefore, this appears worse 
than This oxidation general 
the regenerator which indi- 
oxidizing conditions. Figure 
well Figure shows hanger rod 
with large scale growth. The 
was swollen and granular appearing 
with green and black surface. This 
scale was the thermowell ex- 
through the dome the bottom 
Figure 

This hanger rod had failed after 
service, but remained the re- 


generator for the rest the two-year 
run. This was one six hanger rods 
that had been installed during the pre- 
vious shutdown. With the rush the 
previous shutdown, only one type 
austenitic stainless was immediately 
available: Type 303, machining grade 
containing sulfur selenium. Thermo- 
wells were Type 316 standard 
material for this service. 

The scale from the hanger rod was 
analyzed effort find out what 
happened cause corrode se- 
The analysis showed 
cent nickel, 28.1 percent copper and 20.5 
percent sulfur. The rest was 5.1 percent 
silica-alumina catalyst, 0.05 percent car- 
bon, 1.95 percent unknown. The cor- 
roded part the rod had been Monel. 
magnet check the remaining Monel 
immediately confirmed this. was 
weakly magnetic, the Type 
magnetic. The oddity was not much 
how Monel got there, how sulfide 
corrosion occurred location subject 
afterburning from excess oxygen. 
However, since both copper sulfide and 
nickel sulfide are quite stable, the attack 
must have occurred during reducing con- 
ditions. The scale remained unaffected 
thereafter. 

The remaining six hanger rods in- 
stalled the last shutdown were Type 
303, just shown the records. Al- 
though this material was admittedly not 
the best for this service, would 
costly time and money change, even 
though replacement rods were already 
hand. All hanger rods except these six 


Figure 4—Corrosion of hanger rod and thermowell. 


were Type 321. Previous experience 
had indicated that there was creep 
the Type 303. 

The way the cyclones are supported 
shows that two move opposite di- 
rections from bed surges, impact may 
the more important factor. 
showed that Type 303 was slightly in- 
ferior other grades stainless for 
high temperature strength and impact 
properties, but far superior the age 
embrittling straight chromes. Type 303 
decreases impact resistance with time 
does Type 321 other hanger rods. 
was found that the aging occurred 
with without stress. Impact properties 
Type 303 after 19,000 hours 1050 
1200 were obtained room tem- 
perature and service temperature. Re- 
sults were 46, and for average 
1150 was decided keep the 
hanger rods service for the next run. 


Catalyst Lines 


The riser sections several catalyst 
lines were fabricated Type 347. These 
have been service for years tem- 
peratures exceeding 1000 The recycle 
risers started developing cracks during 
past shutdowns and particularly while 
any welding was being performed. 
section one was cut out adjacent 
cracked weld. Figure shows the in- 
tergranular propagation from the weld 
into the parent metal. 

The complete 
evident prompted the analysis the 
weld and parent metal shown Table 
Notice that although the columbium 
carbon ratio exceeds the min- 
imum required the parent metal, the 
columbium longer stabilizes the car- 
bides and prevents carbide precipitation. 
This intergranular attack started the 
inside surface. This concurs with other 
reported that credit hy- 
drolysis sulfide scale moisture 
causing the intergranular corrosion. 
spite the carbide precipitation, cracks 
occurred only the butt and seam 
welds E309, not the pipe wall itself. 
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Figure 5—Weld (upper) and heat affected zone of Type 347 stainless steel. 
Intergranular corrosion extends into parent metal. Approximately 360X. 


The general structure the Type 347 
shown Figure Etching was at- 
tempted reveal any sigma phase. Al- 
though some spots may suspected 
this structure, they could not selec- 
tively etched. Impact test results the 
pipe wall material away from the weld 
were ft. absorbed room tem- 
perature. This general decrease from 
what would normal for this metal, 
but still not brittle. 


Three recycle lines this material 
will replaced during the next shut- 
down. Experience with another line 
Type 347 (reactor riser) indicates that 
more and more cracking the line will 
evident subsequent shutdowns. 
Once has reached this stage gets 
progressively worse. took years 
service before there was any cracking 
during shutdowns. Indications were that 
years would the maximum life ex- 
pectancy. 


FCCU Gas Plant 


The main corrosion problem the gas 
plant has been ftom hydrogen blistering. 
This blistering problem has been well 
covered publications since 1949 that 
deal with the problem catalytic cracker 
gas plants. 


Tidewater’s No. Gas Plant 


The No. gas plant was built 1943 
with the 25,000 BPD fluid catalytic 
cracking unit. Design and operating 
changes have brought the catalytic 
cracker 50,000 BPD rate. This 
has meant that the gas plant must keep 
pace. Major changes equipment design 
have been made recent years bring 
the gas plant maximum through- 
put. Facilities avoid hydrogen attack 
are now being expanded match proc- 
essing conditions. 


Figure shows abbreviated flow 
diagram No. Gas Plant. Only the 
light ends section included. Although 
hydrogen blistering has not occurred 
throughout this section, conditions have 
been present that could result blister- 
ing. The water wash tower was installed 
originally reduce corrodents and help 
prevent plugging towers with salts. 
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This tower serves wash both the liquid 
pumped from the main accumulator and 
the wet gas stream after first stage com- 
pression. From the water 
both streams enter the absorber deethan- 
The bottoms from this tower then 
follow normal fractionation. 


Water washing has also been employed 
around the main accumulator. Recycling 
the water from the water wash tower 
the accumulator has recently been em- 
ployed increase washing efficiency. 


Evolution Blistering Problem 


March, 1950, hydrogen blisters were 
first found the compressor intake 
scrubber and lower intercooler. Until this 
time the water wash tower 
fully handled reduction sulfides, cyan- 
ides, carbonates and phenols into the gas 
plant. Sprays were then installed the 
fractionator overhead line under each 


the next two shutdowns, blisters 
were found the intercoolers, the water 
wash tower, compressor intake scrubber, 
fractionator overhead condensers and 
wet gas piping the water tower. 
Therefore, this second shutdown, 
baffle system was installed the main 
accumulator allow washing the gas 
stream passed through the accumu- 
lator. During this period hydrogen probes 
were being installed areas subject 
blistering. 

During the next run through 1952 and 
early 1953 the water washing system was 
changed allow water from the water 
wash tower used the fractiona- 
tor overhead sprays. This resulted 
removal about the same amount 
contaminants. The advantages were 
reduction both water usage and 
amount foul water. All the foul water 
could now sent the foul water 
stripper reduce the water pollution 
problem. 

The next change was use stripped 
foul water instead fresh water. Tests 
showed increase the amount 
contaminants removed, particularly sul- 
fides. The major disadvantage using 
first recycled water and then stripped 


Figure 6—General structure Type 347 stainless steel after 107,000 


service 950-1000 


TABLE Analysis Catalys 


Line 
| | 
Parent 

SAMPLE Metal Weld 
Manganese (Mn)........ 1.21% | 2.09% 
Phosphorus (P).... 0.02% | 
Sulfur (S)..... 0.02% | ..... 
Silicon (Si). 0.40% 
Nickel (Ni)..... 10.05% 11.35% 
Chromium (Cr)... 17.10% 20.45% 
Columbium (Cb)....... 0.93% 0.66% 


foul water was that each step there 
was reduction the amount phe- 
nols and cyanides 
moved, This allowed the 
promoters hydrogen blistering enter 
the gas plant. 

Following the last change (using 
stripped water) there were more 
ters found between the water wash 
This subdued any fears that the use 
stripped water would promote hydrogen 
blistering. During the 1953 shutdown the 
present absorber deethanizer was 
stalled, replacing smaller tower that 
blistered. 

1954 the absorber deethanizer was 
inspected and found blistered. The trays 
were primarily affected but few blis 
ters were the shell. Water washing 
had controlled the hydrogen blistering 
some extent but more dilution than 
removal contaminants. 


First Step Control Blistering 
The 1956 shutdown revealed 


the absorber deethanizer. All 
probes were renewed and 
system was installed. The 
tion points noted Figure are the 
fractionator, stripping still and 
izer overhead lines, and the wet gas line 
ahead the intercoolers and 
ers. start-up, the draw waters 
checked for iron and and the 
gen probes were read. Injection 
started with filming 
and some measure control was estab 


lished. Iron counts excess 1000 


were reduced generally less than 
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May, 1960 HYDROGEN DIFFUSION CORROSION PROBLEMS FLUID CATALYTIC CRACKER 
COMPRESSOR WATER WASH 
SEPARATOR INHIBITOR 
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oe Figure 7—Partial flow diagram of No. 4 gas plant. 
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Figure 8—Removal blistered plates from absorber deethanizer. Figure 9—Crack ground open internal blister. Blister wall was and 
line blister itself 
and most hydrogen probes injection was continued. The was about psig per day. Septem- 
hydro- wed themselves. The probe the wet most active hydrogen probe was the ber, 1957, blisters were first noticed 


line was sporadically under control. gas line the absorber deethanizer. outside the absorber deethanizer. 

The same could said for some the This had stabilized itself 1956 and were marked and careful watch 

counts that soared occasionally but 1957, read psig through April, May, was kept through the rest the run 

han hrough the latter part 1956 1957, the first higher reading was rates were increased 
1957, vigilance was relaxed but in- The rate increase from then ppm the wet gas line. 
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Latest Conditions 


number plates the lower sec- 
tion the absorber deethanizer were 
that they had removed during the 
May, 1958 shutdown. Figure shows re- 
moval shell ring progress. Figure 
shows one blister that had been ground 
out calibrate the thickness. 
inch plate the blister wall thickness was 
inch and the blister gap about inch. 

Figure shows sections the shell 
ring removed from the tower. This was 
inch A212 Gr. one the cleaner 
grades steel. Notice that the left 
the seam weld there are numerous 
blisters, the right, none. This pattern 
was followed shell rings affected 
blistering. This pattern dirty steel oc- 
curring one end the plate com- 
mon structural grades and even affects 
weldability these steels. 

silicon killed steels, such this 
A212, this still seems true, though 
not severe enough affect weldability. 
The one plate most affected blistering 
had 0.17 percent silicon and 
cent sulfur. The others this area had 
0.20 percent silicon and 0.030 percent 
sulfur. Both analyses are within limits 
ASTM A212 Gr. 

Figure shows some the larger 
internal blisters. These follow the usual 
pattern cracking occurring the 
direction plate rolling. The lower part 
the picture shows where tray had 
been cut out. 

Figure shows two types blisters 
found. The upper has two blisters. The 
smaller blister had cracked its right 
edge and vented itself into the larger 
blister. The larger had cracked almost 
the surface the right edge. The lower 
plate has three fissures. The embrittled 
condition the steel caused the left 
hand fissure crack the surface be- 
fore yielding form larger blister. 

All these blisters were found the 
vapor space between the trays. Only two 
blisters were found where liquid was 
present. These were draw pan below 
the level the nozzle. all cases the 
concentration corrodents would un- 
predictable from draw waters because 
localized concentrations the draw pan 
and condensation the vessel walls. 
The condensation the vessel walls 
seemed eliminated the lower 
part the tower where 
proofing kept the steel warm. 

Downcomers required replacement 
many trays throughout the blistered area 
because uniform corrosion the 
vapor side. Figure shows small piece 
downcomer viewed from inside the 
downcomer. The straight edge the 
right the overflow weir. The down- 
comers were fillet welded the tray. 
The heat affected zone gauge ma- 
terial was also present the opposite 
side the thin sheet. 

Localized attack this heat affected 
zone can seen including the start and 
end the weld. The alkaline foul water 
present known one the environ- 
ments that can cause this type corro- 
sion.* Since the localized corrosion 
only slightly more intense than the gen- 
eral corrosion, this not factor that 
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expected decrease the life the 
trays. Special heat treatment therefore 
not worth considering. 


Investigation Hydrogen Probes Used 


was obvious that the hydrogen 
probes used were sensitive enough in- 
dicate conditions that caused hydrogen 
blistering. However, one difference was 
noted between the probes used and the 
type described the literature: The for- 
mer did not have lead filled tee. This 
was thought have great effect 
the volume and subsequently the sensi- 
tivity. 

Two types probes were used 
Tidewater’s Avon Refinery. Both had 
0.365 inch reduced area inches long 
but one used 200 psig gauge with 
inch dial. The other used 200 psig 
gauge with inch dial. The volumes 
these probes were checked filling 
with air 14.7 psig and then measur- 
ing the volume air released. The 
probe with the inch gauge dial had 
volume 16.7 and the probe with 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Vol. 


seam absorber deethanizer 
plate. This shows blistering one end the plate, 


none at other. 


TABLE 3—Comparison Water Washing With Stripped Water Industrial Water 


USING GPM STRIPPER WATER—MARCH, 1953 


Between-Stage | 
Water From Foul Water 
Fresh Water Wash From Main | Tota! Amount 
Property Wash Water Tower Accumulator | Removed 
876 3154 8229 7353 
2352 4333 4260 
| 10 10 34 | 24 
674 607 1531 | 857 
USING GPM INDUSTRIAL WATER—SEPTEMBER, 1952 
| 129 1346 3060 | 2931 
Total Contaminants. 129 6525 Ib./day 19156 | 19027 


TABLE 4—Comparison Wash Water Removal Contaminants With Amount Entering 
Gas Plant (Also 170 GPM Wash Water Sprays) Date 6/4/58 


Wash Water 


To C8 
Cyanides + thiocyanates....... 72 |lb./day 
Wet Gas 
| To C9 Tower 
Cyanides + thiocyanates...... 780 lb./day 


553 Ib./day 
547 |b./day 
888 Ib./day 


From Main Amount 
From Accumulator Removed 
2260 Ib./day 11820 lb./day | 8830 Ib./day 
Raw Distillate Tower Total 


1069 


TABLE 5—Wash Water Samples 7/7/58 (60 GPM Wash Water Sprays) 


Wash Water From Main 
Property From Accumulator 
90 gpm Hy gpm 228 gpm 
0 Ib./day 3030 Ib./day 6570 Ib./day 
Cyanides + thiocyanates.......... 433 lb./day 4 lb./day 328 Ib./day 


Amount 
Removed 
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internal blisters cracked horizontally direction plate 


rolling. 


the inch gauge dial volume 
ml. 

The required sensitivity was taken 
per square inch hydrogen pene- 
Skei, Wachter, Bonner and Burn- 
reported that 0.1 per sq. inch 
per day does not lead 
tering. 

another paper Bonner and Burn- 
reported that hydrogen transmis- 
sion rate 0.1 per square inch per 
week (rather than per day) for 
weeks was little consequence. The 
probe with the inch dial pressure 
gauge therefore must sensitive 
about 1.5 psig increase one week 
meet the second condition. This barely 
possible read, and would definitely re- 
quire several weeks establish this trend. 
the pressure the probe increases, 
the incremental pressure change less 
given hydrogen transmission rate. 
Thus, for probe that zeroed and 
rate 0.1 per square inch per week 
the probe would expected read 1.5 
the first week, 2.2 psig the second 
week and 5.4 psig weeks assuming 
Obviously these probes 
not have the required sensitivity 
detect what might assumed safe 
penetration rate. The higher 
inch per day suggested Bonner 
Burnham can barely detected. 
one day, 2.2 psig the second day 
psig after week. Subdivisions 
inch pressure gauge are 

The probe with the smaller pressure 
has less volume but psig sub- 
the dial. cannot detect 
per sq. inch per week since that 
vould require reading psig one week 


detecting 0.1 inch/day. 


None the probes used are the re- 
type since this investigation 
probes occurred just after start-up. 
required and valves are available. 
‘ko reinforcing pads around vessel noz- 
are being employed give more 
results hydrogen penetration 


Investigation Water Wash 


Table shows comparison water 
wash using stripped foul water and in- 
dustrial water. mentioned before, 
more sulfides are removed but more phe- 
nols and cyanides plus thiocyanates are 
allowed pass into the gas plant. 


Table shows the results test 
the wash stream and the hydrocarbon 
streams from the water wash tower. The 
assumption that the samples wet gas 
and raw distillate were representative 
was checked the water content. The 
water content the samples was about 
equivalent the relative amount 
water draw from the towers downstream. 
The water phase the wet gas sample 
was 2400 ppm cyanide plus thiocyanate 
and was 1200 ppm the raw distil- 
late. Results show that water washing 
ineffective removing cyanides pre- 
vent hydrogen blistering. 

later test the water wash only 
shown Table Here again the lack 
removal cyanides plus thiocyanates 
emphasized, particularly since this test 
shows them being stripped from the 
water. This proves that water washing 
not effective preventing hydrogen 
blistering because does not remove the 
cyanides. 


Normally, operating conditions the 
catalytic cracker tie-in with the hydro- 
gen probe activity. This has been true 
some occasions, but exactly the op- 
posite other occasions. Water washing 
seems hold the key probe activity 
lack it. After new foul water 
stripper was installed June, 1956, 
log hydrogen sulfide and ammonia 
content the wash water was kept. 
each occasion that the probes were in- 
active the stripped water used for wash 
contained less than ppm and 800 
ppm NH,. When the stripped water ex- 
ceeded ppm and 1000 ppm NH, 
did this July, the hydrogen probes 
immediately began climb. Last year 
when probe activity started July, the 
stripped water had changed suddenly 
from less than ppm over 100 ppm 
and from less than 400 ppm over 
2000 ppm NH,. During the first week 
probe activity the ammonia varied 


Figure 12—Blisters and fissures plate from absorber deethanizer. 


from 3600 4800 ppm. The probe 
the wet gas line increased 9.6 psig per 
day (from psig 200 psig). This 
July the probe the same location in- 
creased from psig psig days. 
This equivalent 0.1 ml/sq. 
hydrogen penetration. 


concluded that the stripped wash 
water used has held the key the hy- 
drogen penetration and resultant damage 
experienced Avon Refinery. Contrary 
past belief, incoming wash 
water foul water from the main ac- 
the rest the gas plant. If, for instance, 
the concentration both ammonia and 
increase the same proportion, the 
will not change. these higher con- 
centrations make the incoming wash 
water almost saturated with the amount 
ammonia will absorb the wash- 
ing system, the ammonia formed the 
cracking operations will not absorbed 
and will pass into the gas plant. the 
other hand, even high content 
1000 ppm will allow the wash water 
increase the usual 3000 4000 ppm, 
thus reducing the amount enter- 
ing the gas plant. This results in- 
crease throughout the gas plant 
since greater quantities ammonia are 
left than are acid constituents. higher 
pH, course, the ammonium cyanide 
present causes the increased hydrogen 
penetration rates. 


Controls Used During This Run 


The ferrocyanide spot test has been 
used during the present run control 
measure. After start-up, faint blue lines 
were discernible but probe activity was 
absent. Electrical resistance probes had 
been installed most the locations 
that have hydrogen probes. These are 
noted Figure (the flow diagram) 
curred since the start-up the unit 
June 1958. Fluctuations and down 
are noticeable the probes vapor 
service but these have been averaged out 
the reading established few days 
after start-up. 


The hydrogen probe the wet gas 
line the absorber deethanizer showed 
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./day 
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ved 
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activity starting July 18, 1958. the 
same time, the stripped water increased 
sulfide content. Heavy blue lines ap- 
peared immediately when the ferrocya- 
nide spot test was used. The spot test was 
continued and change was noted for 
month. Meanwhile air injection was 
started July 25, 1958, ahead the 
intercoolers order start the protec- 
tion where blistering had 
fore. The rate was raised from 
cent .07 percent wet gas flow 
days. Since the wash water recycles 
from the foul water stripper, air injec- 
tion ahead the intercoolers would 
allow less build-up thiocyanates the 
wash water than injecting the frac- 
tionator overhead. The water wash tower 
was expected provide good contact 
for both the wet gas and the raw distil- 
late. This was effective enough stop 
probe activity August 1958, 
days later. 

Cyanide spot tests were continued 
daily through this period and signifi- 
cant change the prussian blue lire 
blue background the spot was noted 
for days. However, the 
nate color was noted the spot test 
the day the probe activity stopped. Then 
the air injection point was moved from 
ahead the water wash tower the 
wet gas line between the tower and the 
second stage compressors. days the 
spot test showed decrease cyanides. 
more days the prussian blue color 
could hardly found. Air rate was still 


about 0.07 percent wet gas flow. 


Control Downstream Absorber 
Deethanizer 

The stripping still (C-2), depropan- 
(C-4) and debutanizer (C-5) all 
have some water draw from the overhead 
accumulators. Ferrocyanide spot tests 
these waters had previously revealed that 


ferrocyanide concentrations were often 
higher than the absorber deethanizer foul 
water. control was established the 
absorber deethanizer, cyanide was re- 
moved from the system. The spot tests 
draw waters from the other towers 
cleared the same time the ab- 
sorber deethanizer water. 


Summary 

Corrosion fluid catalytic crackers 
usually minor problem. becomes 
factor primarily when coupled with ero- 
sion cyclones diffuser grids. Alloy- 
ing not usually justified except 
stressed parts, such cyclone hanger 
rods the reactor shell. Material con- 
trols during fabrication are problem 
for everyone, and the inadvertent use 
Monel the regenerator only reempha- 
sizes the importance maintaining con- 
trols. 


Hydrogen blistering had developed 
into major problem. Its recurrence for 
this gas plant doubt function 
downstream the water wash tower. 
the draw waters were not followed 
throughout the earlier runs 
were always constant when checked. This 
additional work load the laboratory 
was dropped because was not realized 
that the wash water from the foul water 
stripper would change enough affect 
the through the rest the gas plant. 
retrospect, obvious now that 
wash water may stay constant 
about 9.8, but its ability absorb 
ammonia can greatly 
tive its ability absorb H,S. This 
results the important secondary effect 
increases the absorber deethanizer, 
does the hydrogen penetration rate. 


system such this with many 
operating variables that can cause hydro- 


side sheet) heat affected zone. Holes 
burned through when cutting off the downcome 


gen blistering, never pays 
more attention. The present control 
tem recording hydrogen probe pres. 
sures, draw waters, analysis 
wash water, iron content draw 
and’ making ferrocyanide spot tests, wil 
keep the hydrogen 
under control. 
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Effect Cold Drawing 


Introduction 


HAS BEEN established’ 

vironmental conditions have marked 
the rate hydrogen desorption 
steel. Oxidizing agents actually 
hinder the desorption process, whereas 
wits the highest desorption rate 
hydrogen from steel for any the en- 
studied. For environments 
containing appreciable moisture second- 
order rate law applies, and for environ- 
ments containing extremely low amounts 
moisture first-order rate law applies. 
The time required for hydrogen desorp- 
tion from steel dry environment was 
longer than the 
quired when steel was immersed water. 
Owe Berg? has suggested sequence 
surface reactions that may account for 
the catalytic effect water the de- 
hydrogen from steel. The fact 
that such large differences hydrogen 
desorption rate exist shows that surface 
reactions are rate determining, and there- 
fore, continuing work the influence 
steel processing and other factors 
hydrogen desorption from steel, the con- 
trol environment will essential. 


The present study, undertaken because 
the practical importance obtaining 
quantitative information hydrogen be- 
havior steel, concerns the influence 
cold work the absorption rate hy- 
drogen into, the solubility level hydro- 
in, and the desorption rate hydio- 
gen from cold-drawn bars capped and 
killed SAE 1020 steel. Previously, 
specimens having cold reductions 
78.2 percent, that the hydrogen solu- 
increased with increasing cold work and 
maximum value hydrogen per- 
and desorption rate occurred 
between and percent reduction. 
The present study was made deter- 
whether cold work introduced 
drawing would affect hydrogen be- 
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TABLE 


Grade 


SAE 1020, 0.57 


0.009 


Experimental 


Materials 

study the effect cold work 
hydrogen behavior steel, specimens 
capped and killed SAE 1020 were pre- 
pared representing reductions from 
55.4 percent. The chemical composition 
the two steels used given Table 
bars these steels were machined 
various diameters between and 15/16 
inches, and these machined bars were 
then cold-drawn reductions 17.2, 
30.5, 40.8, 48.9 and 55.4 percent. 

The 11/16-, 34- and 13/16-inch-diame- 
ter bars were cold-drawn single drafts. 
drawn two drafts, each being inch. 
The 15/16-inch-diameter bars were cold- 
drawn three drafts, these being 
1/16 and inch, the order given. 

Metallographic examination was made 
both groups cold-reduced samples 
using nital etch and magnification 
250. Increasing amount cold 
tion increased grain distortion. ex- 
pected, the effect cold reduction was 
markedly more pronounced the longi- 
tudinal direction. For given amount 
cold reduction, the microstructure the 
capped steel appeared similar 
that the killed steel. The microstruc- 
ture the bars was typical carbon- 
steel bars having the compositions shown 
Table The pearlite was uniformly 
distributed. The ferrite grain size was 
consistently fine, with ASTM grain 
size 

For most the work hydrogen 
absorption during immersion acid and 
for desorption rate studies, wafers 
3/64-inch thickness were cut from each 
the bars. For deter- 
mination hydrogen solubility levels 
these steels was necessary, for reasons 
discussed later, use 1/32-inch-thick 
wafers. Individual specimens were vapor- 
degreased with trichloroethylene and 
stored desiccator until ready for use. 

Reagent-grade sulfuric acid was used 
prepare the acid solutions used for 
charging steel with hydrogen. Nitrogen 
gas containing less than 0.01 percent oxy- 
gen was used for deoxygenating water 
and for experiments which desorption 
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Abstract 


Hydrogen absorption by and the desorption 
rate of hydrogen from steel were studied as 
a function of cold work from 0 to 55.4 
percent reduction using cold-drawn capped 
and killed SAE 1020 steel. Increased cold 
work increased the hydrogen solubility in 
these steels. Hydrogen desorption 
creased with increasing cold work until a 
maximum was reached at some point below 
30.5 percent reduction. With further reduc- 
tion. the desorption rate decreased. 3.7.3 


hydrogen from steel held nitrogen 
atmosphere was studied. When dried ri- 
trogen was required, the gas was passed 
through columns packed with solid desic- 
cants and finally through liquid nitro- 
gen trap remove moisture. 


Apparatus and Procedure 


Specimens charged with hydro- 
gen were immersed sulfuric acid 
solutions for various times. Hy- 
drogen contents charged-steel speci- 
mens and specimens given treatments 
subsequent charging were determined 
the warm-extraction method described 
were placed specially constructed 
borosilicate-glass extractors 
for hours 160 under mercury. 
The hydrogen extracted from the steel 
this method was collected over mer- 
cury and measured volumetrically. 


hemical Composition Steel Bars 


Composition, Percent 


0.040 0.012 0.025 0.035 0.038 


0.025 


1020, killed 


0.50 0.006 


0.025 


0.016 0.034 0.011 
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Figure 1—Hydrogen-absorption rate curves for capped steel as a function of 


cold work. 


KILLED 


STEEL 


CAPPED STEEL 
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48.9% 
40.8% 


REDUCTION, per cent 


Figure 3—Hydrogen solubility as a function of degree of cold work. 


Environmental Conditions 


The usual procedure was to immerse 
steel specimens sulfuric acid 
for certain time. For given 
steel, attempt was made make 
comparisons hydrogen desorption rate 
between specimens having similar weight 
losses during the pickling; thus, though 
different initial amounts hydrogen 
were introduced into the different speci- 
mens during pickling, the etching the 
steel surfaces pickling was probably 
similar. After charging, specimens were 
removed from the acid solution and 
thoroughly rinsed with running tap water 


254t 


for seconds. Specimens were then 
given final rinse with distilled water 
for seconds prior holding them for 
prescribed times under the various envi- 
ronmental conditions studied. 

The rate hydrogen desorption from 
steel specimens was studied water and 
dried nitrogen When the 
specimens were held dried nitro- 
gen, additional drying treatment was 
used that consisted rinsing the speci- 
mens with acetone followed air dry- 
ing. Not more than minute was re- 
quired for the operations that were 
performed subsequent acid charging 


KILLED STEEL 
38°C 


Figure rate curves for killed steel function 


cold work. 


CAPPED STEEL 

30.5% REDUCTION 
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38°C 
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Figure 4—Hydrogen desorption rate function environment. 


and prior isolation controlled 
vironments. 

Following storage under either 
oxygenated water dried nitrogen, all 
specimens were with dis- 
tilled water for seconds prior deter- 
mination residual hydrogen 
the steel the warm-extraction 
technique. 


Results and Discussion 
Influence Cold Work Hydrogen Ab- 
sorption Steel During Pickling 


For both steels the change hydrogen 
concentration with time 
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Figure 7—Hydrogen desorption rate water function cold 


work. 


The hydrogen-charging rate 
curves are shown Figures and 
agreement with the findings Darken 
and and the authors’ 
cently reported the hydrogen 
concentration, increased linearly with 
the square root the time 
men was immersed acid until satu- 
concentration 
was attained. The points shown 
Figures and were obtained 
specimens. Because the 
‘vere corrosion that these specimens are 
during extended periods 
hydrogen saturation concentra- 
wafers. reported Darken and 
the time required saturate 
with hydrogen longer for thick 
than for thin specimens. 

Table gives percentage weight losses 
ours immersion sulfuric acid 
The increase weight loss with in- 
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Figure 6—Hydrogen des 
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Figure 8—Hydrogen desorption rate in dry nitrogen at 38 C as a function of 


TABLE 2—Cold-Drawing Schedule for Steel Bars 


48.9% 


TIME, 


orption from capped steel in dried nitrogen at 38 C as 
a function of cold work. 


CAPPED STEEL 


KILLED STEEL 


REDUCTION, per cent 


cold work. 


Final 


| Cold-Drawn Final Cross- 
| Diameter, Sectional Area, Reduction, 
| Inches Sq. in. Percent 
54 0.307 | 0.0 
56 0.307 17.2 
0.307 30.5 
| 5% 0.307 40.8 
0.307 48.9 
0.307 55.4 


marked effect cold work the pickl- 
ing rate steel. For specimens used 
rate-of-removal studies, charg- 
ing period was used that the difference 
weight loss between samples having 
different degrees cold work would not 
large. 


the increase hydrogen solubility, Cs, 
with increasing cold work that was ob- 
served for the capped and the killed 
steels. For given degree cold work, 
higher solubility levels were obtained for 
the killed steel. 


From the slope the hydrogen-ab- 
sorption rate curve, the hydrogen 
solubility, Cs; the density the steel, 
and the thickness the specimen, 
possible compute the hydrogen 
permeability, these specimens 
using the equation 


12 


(1) 
derived Darken and Perme- 
ability defined the quantity 
hydrogen (cc STP) transferred 
second through diaphragm 
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meter thick and centimeter 
cross section. 

using the data obtained the 
present study, hydrogen permeabilities 
were computed from the 


pression 


square 


‘ d *b? 


where cubic centimeters per 100 
grams per cubic centi- 
meters per 100 grams, millimeters, 
and the density steel taken 7.8 
grams per cubic centimeter. The 
thicknesses used these computations 
were estimated from weight-loss data 
for one-half the time required reach 
hydrogen saturation level for each 
sample. Because the severe corrosion 
occurring during pickling these cold- 
worked samples, the permeability com- 
puted this manner probably sub- 
ject appreciable error. shown 
Table for both steels there evidence 
for permeability maximum func- 
tion cold work. 
for the capped steel were greater than 
those for the killed steel. These results 
are similar those Schumann and 
who reported that 


Weight Loss After 
6 Hours, Percent 


Percent Capped Steel | Killed Steel 
0.0.. 11.7 21.5 
18.3 | 28.2 
30.5. . 23.5 35.6 
40.8.. | 29.5 43.0 
48.9... | 30.4 50.0 
55.4.... | 42.0 53.7 


TABLE Solubility Steel 
Cold Work 


Hydrogen Solubility, 
cc/100 ¢ 


Reduction, 


Percent | Capped Steel Killed Steel 
7.1 15.6 
30. 13.6 23.5 
| 22.9 33.6 
40.4 
55. 39.1 54.5 


| 
| 
| 
| 
| 
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the rate passage electrolytically 
charged hydrogen through low-carbon 
diaphragms 
percent reduction and that this rate de- 
creased rapidly with further cold work. 


Effect Degree Cold Work Rate 
Hydrogen Desorption From Steel 

For studies the rate hydrogen 
desorption, specimens each sample 
were given initial hydrogen charging 
for hour. The desorption rate was deter- 
mined for steel specimens immersed 
water and for steel specimens 
stored dried nitrogen The de- 
sorption hydrogen from steel was much 
more rapid water than dried nitro- 
gen, illustrated Figure This differ- 
ence, reported previous evi- 
dence for the importance steel surface 
reactions the desorption hydrogen 
from steel. 


The desorption rate water, fol- 
lowed second-order law, and the rate 
dried nitrogen, k,, followed 
order law, illustrated the linear 
water, and (log 1/C —log 1/a) for 
this connection note Figures and 
where the concentration hydro- 
gen steel for time and the 
residual hydrogen concentration steel 
time For both environmental condi- 
tions studied, that with 
increasing cold work the desorption rate 
increased maximum and that further 
increase cold work beyond this point 
resulted decrease desorption rate, 
Table and Figures and 

For SAE 1020 steel, capped and 
killed grades, the 
the metal introduced acid 
pickling increases with increasing cold 
work, but the rate which hydrogen 
introduced into the steel can sub- 
sequently desorbed less for severely 
cold-worked materials. 


Summary 


The present work confirms earlier re- 
showing the importance 


face reactions the desorption 
hydrogen from steel. The hydro 
solubility following acid 
ing increases with increasing cold 
maximum value hydrogen 
charging-rate 
data according the method 
ken and Smith) and desorption 
function cold work was 
served. Severely cold-worked steel 
played considerably lower desorption 
rate than less severely cold-worked 
steel. 
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DISCUSSION 


Comments Owe Berg, Douglas 
Aircraft, Inc., Long Beach, California: 
This note offered order call 

due attention the 

tween killed and This 
since the data were obtained under well 
defined conditions. The difference be- 
tween the two steels therefore real 
and not one between two sets 
perimental conditions. The paper supplies 

valuable confirmation the results 

Erdmann-Jesnitzer and who 

studied the effects additions 

percent upon the rates desorption 

was pointed out recent 
that cold work and other metallurgical 
factors affect hydrogen 
metals affecting the “retained” 


TABLE 6—Rate Hydrogen Desorption From Steel Function 


Cold Work 


TABLE 5—Hydrogen Permeability* Estimates From Hydrogen- 
Absorption-Rate Data After 1-Hour Pickle 
| duction, | 4, cc/100 C,, P = 0.273 x 10-6——_-—__ Steel Percent Percent cc/100 ¢ k2 x 103 | kix 10 
Steel | Percent | ¢/hr’/2 cc/100 ¢ | b, mm 
0.0 1.8 1.2 11.8 3.8 
Capped | 0.0 1.0 2.8 1.11 0.12 x 10-6 17.2 2.0 5.1 19.6 59 
1.19 7.2 30.5 2.3 10.1 6.8 6.0 
30.5 13.3 13.6 1.18 5.0 x 10-6 40.8 4 17.9 2.3 5.1 
55.4 | 22.3 39.1 1.08 4.0 x 10-6 ———---—| - | 
Killed 0.0 1.9 10.5 0.48 0.22 x 10-7 17.2 1.8 | 4.6 14.6 40 
17.2 5.0 15.6 0.88 3.4 x 10-7 30.5 2.6 8.5 6.7 40 
| 30.5 8.0 23.5 0.88 5.8 x 10-7 40.8 2.5 | 12.9 | 3.0 14 
40.8 10.5 33.6 0.77 10-7 48.9 13.9 1.4 
48.9 12.1 40.4 0.64 107 55.4 4.6 20.1 
55.4 14.4 54.5 0.40 10-7 


| 


* Unit for permeability is cm2/sec. 


256t 


* Unit for ke is g/cc (STP)/sec. 


Unit for ki is reciprocal seconds. 
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drogen, whereas the hydrogen held 
solution affected surface con- 
alone. The retained hydrogen 
being e-carbide, al- 
though other hydrogen-rich precipi- 
may also important special 
cold work increases the ap- 
parent solubility hydrogen steel 


Any 
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COLD DRAWING HYDROGEN BEHAVIOR STEEL 


the steel. The effect upon ¢-car- 
bide has been studied Pomey 
stabilizes ¢-carbide. Conse- 
quently, should increase the apparent 
solubility hydrogen cold worked 
steel. the same token, should retard 
desorption this retained hydrogen. 
Other alloying elements which stabilize 
e-carbide, (eg., Cr®), also reduce the 
rate hydrogen desorption 
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Lee Rutherford, Treasurer; Magna 
Chemicals, Inc., Kilgore, Texas 


Jim Orchard, Trustee; Nocor Chemi- 
cal Company, P. O. Box 54, Long- 
view, Texas 


@ Greater Baton Rouge Area Section 


Gilpin, Chairman; The 
Way Equipment Co., P. O. Box 
2922, Baton Rouge 1, La. 

Arthur C. Doyle, Vice Chairman; 
Metal Goods Corp., P, O. Box 
2361, Baton Rouge, La. 

Thomas C. Robert, Secretary-Treas- 
ay 2855 Elgin St., Baton Rouge, 

Donald C. Townsend, Trustee; Ethyl 
Corp., P. O. Box 341, Baton 
Rouge 1, La. 


Houston Section 


Tinsley, Chairman; South- 
western Bell Telephone Co., 1714 
Ashland, Room 227, Houston, 
Texas 

Melvin, Vice-Chairman; Carbo- 
line Company, Box 14284, Houston 
21, Tex. 

J._T. Payton, Trustee; Texaco, Inc. 


Laboratory, Box 425, Bellaire, 
Texas 


@ New Orleans Section 


Joe Redden, Chairman; Napko 
Corp., O. Box 13216, New 
Orleans, La. 


H. R. Hanson, Vice Chairman; 
Humble Oil & Refining Co., Box 
626, New Orleans, La. 

W. B. Ackenhausen, Secretary-Treas- 
urer; 1700 Riviere Ave., Airline 
Park, Metairie, La. 

O. L. Grosz, Trustee, The California 
Box 128, Harvey, 


North Texas Section 


Donald F. Taylor, Jr., Chairman; 
Otis Engineering Corp., P. O. Box 
35206, Dallas 35, Texas 

Jerry Vice Chairman; 
Atlantic Refining Co., P. O. Box 
2819, Dallas, Texas 

George F. Hunt, Secretary-Treasurer; 
Johns-Manville Corp., 1019 Dragon 
St., Dallas, Texas 

Glyn W. Beesly, Trustee; Dallas 
Power & Light Co., 1506 Commerce 
St., Dallas, Tex. 


Panhandle Section 

L. A. Thompson, Chairman; 
nese Corp., Pampa, Texas 

Public Service Co., Amarillo, Texas 

J._F. Headrick, Secretary-Treasurer; 
Phillips Petroleum Co., Phillips, 
Texas 

V. R. Ogilvie, Trustee; Plas-Tex Co., 
Borger, Texas 


Cela- 


@ Permian Basin Section 


G. K. Harding, Chairman; Gulf Oil 
Co., P. O. Box 362, Goldsmith, 
Texas 

Robert Booth, Ist Vice Chairman; 
Plastic Applicators, Inc., Box 2749, 
Odessa Texas 

Robert F. Wheeter, 2nd Vice Chair- 
man; Mobil Oil Co., Box 633, Mid- 
land, Texas 

Mortimer, Secretary-Treasurer; 
Magna Chemical, Inc., 1420 Wil- 
shire Dr., Odessa, Texas 


Roscoe Jarmon, Trustee; 
Enterprises, Inc., 
dessa, Texas 


Permian 
Box 4132, 


Rocky Mountain Section 


B. K. Wheatlake, Chairman; Con- 
sulting Water Chemist, 1318 S 
Milwaukee, Denver 10, Colo. 


McKinnell, Jr., 
Chairman; Ohio Oil Co., P. 
Box 269, Littleton, Colo. 


Edward L. Kent, Jr., Secretary- 
Treasurer; Coast Paint Lacquer 
Co., 433 Franklin St., Denver 18, 
Colo. 


Paul W. Lewis, Trustee; Bureau of 
Reclamation, Denver Federal Cen- 
ter, Denver, Colo. 


Vice 
oO. 


Sabine-Neches Section 

Orell Tex Collins, Chairman; Nalco 
Chemical Co., 1450 Rikisha Lake, 
Beaumont, Texas 

Ralph P. Gulley, Vice Chairman; 
Gulf Oil Corp., P. O. Box 701, Port 
Arthur, Texas 


Hugh Jr., Secretary- 
Treasurer; Columbia Southern 
Chemical Corp., P. O. Box 900, 
Lake Charles, La. 


Jesse J. Baker, Trustee; Mobile Oil 
Co., 2950 Lucas Dr., Beaumont, 
Texas 


Shreveport Section 

R. B. Naremore, Chairman; Arkansas 
Fuel Oil Corp., Shreveport, La. 

Grady Howell, Vice Chairman; Tube- 
Kote Co., Shreveport, La. 


D. A. Tefankjian, Secretary; Texas 
Eastern Transmission Corp., Shreve- 
port, La. 


Frank Therall, Treasurer; Interstate 
Oil Pipe Line Co., Shreveport, La. 


Irish, Trustee; Irish Engineering 
Co., Shreveport, La. 
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@ Teche Section 


Ronald J. Cernik, Chairman; Union 
Oil Co. of California, P. O. Box 421, 
Abbeville, La. 


Lowell R. Pounds, Vice Chairman; 
Visco Products Co., 113 Marner 
Dr., Lafayette, La. 


John R. Smith, Secretary: Tretolite 
Co., 300 Genevieve Dr., Lafayette, 
La. 


Lee R. De Rouen, Treasurer; Union 
Oil & Gas Corp. of La., 2nd Floor 
Pioneer Bldg., Lake Charles, La. 


Samuel E. Fairchild, Trustee; Texas 
Pipe Line Co., Box 1145 Oil 
Center Sta., Lafayette, La. 


Tulsa Section 


Cecil O. Smith, Chairman; Carter Oil 
Co., Box 801, Tulsa, Okla. 


Ray Vice Chairman; 
Earlougher Engineering Co., 3316 
East St., Tulsa, Okla. 


Herbert Cooley, Secretary; Beth- 
lehem Steel Co., 1810 So. Baltimore 
St., Tulsa 19, Okla. 


James Rush, Treasurer; Nalco 
Chemical Co., 1311 East 38th St., 
Tulsa 5, Okla. 


Richard Lembcke, Trustee; Cities 
Service Research & Development 
920 East Third St., Tulsa 20, 


Basic Facts 
Mechanism 
Hydrogen Sulfide 
Stress Corrosion 


Findings 4-year NACE 
research project into reactions 
involved spontaneous frac- 
ture steel hydrogen sul- 


fide. 


Add 65¢ per package to all ad- 
dresses outside the United States, 
Canada and Mexico for Book 
Post Registry. 


@ West Kansas Section 


Ray E. Walsh, Chairman; Atlas 
Powder Co., Great Bend, Kan. 

Robert E. Adams, Vice Chairman; 
Mobil Oil Co., Great Bend, Kan. 

Zane Barnett, Secretary-Treasurer; 
Tretolite Co., Great Bend, Kan. 


Cliff Koger, Trustee, Cities Service 
Oil Co., Bartlesville, Okla. 


E. H. Tandy, Director; Standard Oil 
Company California, Box 
97, El Segundo, Cal. 


A. E. Storm, Chairman; Tidewater 
Oil Co., Associated, Cal. 

O. L. Hudrlik, Vice Chairman; Nalco 
Chemical Co., 1706 102 Ave., 
Portland 20, Ore. 

J. W. Caldwell, Secretary-Treasurer; 
Bunker Hill Co., 660 Market St., 
San Francisco 4, Cal. 


® Central Arizona Section 

Harold Newsom, Chairman; Rust- 
Proofing, Inc., Box 1671, 
Phoenix, Arizona 

William Lewellen, Vice-Chairman; 
Deer-O-Paints and Chemicals Ltd., 
P. O. Box 990, Phoenix, Arizona 

Lee Homrighausen, Secretary; Ari- 
zona Public Service Co., P. O. Box 
2591. Phoenix, Arizona 

H. B. Newsom, Trustee; Rust-Proof- 


ing, Inc., P. O. Box 1671, Phoenix, 


Arizona 


PUBLICATION 


Los Angeles Section 

Harry Kipps, Chairman; 10954 
South Kane Ave., Whittier, Cal. 

Philip H. Burch, Vice Chairman; 
Products Research Co., 3126 Los 
Feliz Blvd., Los Angeles 39, Cal. 

Thomas J. Degnan, Secretary-Treas- 
urer; Pacific Lighting Gas a 
Co., 810 South Flower, Los - 
geles, Cal. 

Carl E. Hedborg, Trustee; Research 
Dept., Union Oil Lg tf of Cali- 
fornia, Box 76, Brea, Cal. 


Portland Section 


John Van Bladeren, Chairman; 
Northwest Natural Gas Co., 132 
Flanders St., Portland 
Ore. 

George K. Merz, Vice Chairman; 
Portland General Electric Co., 1510 
S. E. Water Ave., Portland 14, 
Ore. 

Keene R. Shogren, Secretary-Treas- 
urer; Northwest Natural Gas Co., 
N. W. 2nd & Flanders Sts., Port- 
land 9, Ore. 

Rodney Moorman, Trustee; Bonne- 


ville Power Administration, P. 
Box 3537, Portland Ore. 


Puget Sound Section 


Robert Mercer, Chairman; 618 
Highland Drive, Seattle Wash. 
Norman Burnett, Vice-Chairman; 
230 South 187th Street, Seattle 88, 


Wash. 


Walter N. Bo 


sen Co., 2226 Elliott 


Avenue, Seattle 88, Wash. 


Salt Lake Section 

Haskell, Chairman; Salt Lake 
Line 


Co., 


4 Box 117, 
Lake City, Utah 


ASK FOR 


Box 1650, Salt Lake City, 


tinental Bank, Salt Lake City, Utah 

@ San Diego Section 


Otto L. Hepner. Chai > 
ado Filtration Plant, La 


Albert Hooper, Vice 


Patricia Ave., Chula Vista, Cal, 
St., Room 206, San 
Cal, 


F. O. Waters, Trustee; 6326 Monte 
zuma Road, San Diego 15, 
San Francisco Bay Area Section 


Roy Dean, Chairman; Pacific Gas 
Electric Co., 4245 
Emeryville Cal. 


Ernest Ehmke, Vice Chairman: 
Tidewater Oil Co., Associated, 


Glenn Snarr, 
Bunker Hill Co., 660 Market S:., 


San Joaquin Valley Section 


Robert M. Evans, Chairman; Stand: 
= Oil of Cal., 11-C Camp, Taft, 
al. 


Bruce A. Grover, Vice Chairman; 


Western Gulf Oil Co., P. 0. Box = 


1392, Bakersfield, Cal. 


Nat G. Haseltine, Secretary-Treas- 
urer; Standard Oil of Cal., Taft, 


Cal. 


Technical Articles 


Scheduled for July 


Ceramic Coatings 


for High Temperature 


Service, by Samuel W. Bradstreet 


Effect of Composition and Heat Treatment on 


Stress 


Corrosion Cracking of Stainless 


Steel, by E. E. Denhard, Jr. 


Researches on Corrosion and Inhibition—Re- 
action Velocity in Corrosion of Iron by 
Hydrogen Sulfide and the Effect of Inhib- 
itors, by George S$. Gardner 


Coal Tar Creosote Studies—Part 3: Distillo- 
tion Residue Studies, Thomas Price 
and S. M. Miller 


Considerations Involved in Choosing Plastic 
Pipe for Corrosion Control, by L. F. Sansone 


Thirty Years’ Experience With Silicates as ¢ 
Corrosion Inhibitor Water Systems, 
Henry Shuldener and Sidney Sussman 


PER COPY 


Hydrogen Corrosion Organic Reactor Cool- 


POSTPAID 


ants—Part Hydrogen Corrosion Uran- 


Insulating Properties of Cement Mortar Coat- 


ing, by M. Unz 


Stress Corrosion Screening of Materials for 
Steam Generator Tubing Nuclear Power 
Plants, by D. E. White and E. G. Johnson 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Houston 2, Texas 
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Duriron Anodes have proven their superi- 

ority for the cathodic protection pipe- 

lines, drilling rigs, well casings, storage 

tanks, gathering lines, communications 
cables, and similar systems. all perfect 

backfill cases (where the anode merely 


nt on 
nless 
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n by 
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the conducting rod) Duriron serves ex- 
actly the same purpose graphite, and 
just well. And the really tough cases, 
when backfilling impractical imper- 
fect, Duriron Anodes are better. 


Duriron Anodes have unexcelled corrosion 
resistance; good electrical properties; 
current density limitations; undesir- 
able corrosion products, and they are easy 
install. 


Durco high silicon cast irons are resistant 
sea, brackish and fresh waters well 


all soil environments. Write now for 
Bulletin DA/6. 


STANDARD DURIRON ANODE SIZES 


Type Area Weight General 
Anode Size Sq. Ft. (Lbs.j Application 


*Applicable also fresh water service. Should 
not used ground beds without backfill. 


THE DURIRON COMPANY, INC. 
DAYTON, OHIO 
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inhibitor squeeze— 
effective, economical way 
combat well corrosion 


The “squeeze” method applying Corban®—Dowell’s family 
corrosion inhibitors—is continuing set new records for 
term corrosion protection oil and gas wells. 


“Squeezing” well with Corban involves the pumping inhibitor 
through the tubing string into the producing formation. The 
tubing and other metal parts contacted the Corban, receive 
protective film inhibitor. the well produced, Corban 
from the formation maintains this protective film for extended 
period. 


The inhibitor squeeze method was first used combat corrosion 
Louisiana and East Texas wells which were difficult treat 
conventionally. 


One the first wells squeezed with Corban was gas distillate 
well the Louisiana Gulf Coast June 1956. Since then, 
this well has been squeezed with Corban four times. 
caliper survey was compared with one made prior the first 
squeeze. The comparison showed that noticeable corrosion 
had occurred during that three-year period. down-hole equip- 
ment had been replaced this well during this time. Other wells 
this area, treated with different methods, had required some 
replacement tubing due corrosion. 


Get engineered recommendation the use Corban 
your wells from your nearest Dowell office station. write 
Dowell, Tulsa Oklahoma. 


Products for the oil industry 
DIVISION THE DOW CHEMICAL COMPANY 


